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Soil sampling for micro- and macroarthropods in chlordane-treated 
and untreated check plots was done periodically during 1961 and 1962 
in 6 sugarcane fields in Iberville Parish, Louisiana. Stand counts, 
crop yields and some data on root damage were obtained from all field 
plots. Soil fauna were identified and counted to estimate the abundance 
of populations, particularly of Collembola and some other groups known 
or suspected to be phytophagous. Greenhouse experiments with sugarcane 
growing in cans of soil were conducted to measure the effects of soil 
microarthropod populations on plant growth.
Acarina, represented by 14 families and Collembola, represented by 
16 genera were the most abundant groups of arthropods encountered.
Most Collembola occurred in greatest numbers during the spring, declined 
in summer and fall, and increased again in winter. A key was made for 
separating the genera of Collembola found.
Collembola and Acarina were more abundant in clayey than in loamy 
soils, while the distribution of Symphyla did not appear to be correlated 
with type of soil. Symphyla and Pauropoda were relatively scarce in the 
spring, but populations increased gradually to a peak in late summer and 
fall. Svmphvlella sp., the most common species of Symphyla encountered, 
probably has 1 generation per year which begins in the spring and reaches 
the adult stage in winter.
x
Evidence of vertical migration of microarthropods in the soil was 
found, and different genera of Collembola showed preferences for 
different soil depths.
Collembola and possibly Pauropoda were mainly responsible for 
reductions in weights of sugarcane plants ranging from 21% to 30% 11 
weeks after planting in cans of soil in the greenhouse. Species of 
Onvchiurus and Pseudosinella may be potentially more destructive than 
other Collembola or Pauropoda. Symphyla and Diplura probably have 
little or no effect on the growth of sugarcane.
Feeding of Collembola on sugarcane roots was characterized by root 
pitting and by pruning of fine root hairs. Pitting was more abundant 
in soils low in organic matter content than in soils containing greater 
amounts of organic matter.
The application of 2 pounds of chlordane per acre at planting had 
no significant effect on populations of Acarina, Collembola and Symphyla 
in the soil. However, populations of Collembola in the genus Pseudosinella 
appeared to be consistently reduced in the treated plots, although this 
.reduction was not statistically significant. Low populations of 
phytophagous scarabaeid larvae also were reduced in the first year fol­
lowing chlordane application.
Chlordane application resulted in more sugarcane stalk? per acre 
and in significant increases of 2 tons of cane and from 329 to 358 pounds 
of sugar per acre in field experiments. However, these could not de­
finitely be attributed to control of Collembola or any of the other soil 
fauna by chlordane. It is possible that effective control of Pauropoda
xi
and elaterid larvae may have been responsible for a significant yield 




Soli application of chlordane at time of planting has been officially 
recommended to sugarcane growers in Louisiana since 1954 to control wire- 
worms in sandy soils and "microarthropods" in "heavy soils".
The recommendation for use of chlordane in heavy soils appears to 
have been based primarily upon field experiments which generally demonstrated 
small yield increases associated with soil insecticide use. However, no 
satisfactory attempt has been made in Louisiana to correlate these yield 
increases with populations of soil fauna. The only other studies pertinent 
to this problem that have been conducted in Louisiana were done over 30 
years ago,' and included field surveys and limited tests in laboratory jars, 
greenhouse pots and outdoor cylinders which indicated that some Collembola 
do feed on roots and may prevent normal growth of sugarcane plants.
The studies reported in this dissertation were undertaken because of 
the belief that insecticides, as far as possible, should be used only 
where and when they can be expected to effectively control existent 
populations of known pest species, and because it appeared that the use 
of chlordane in heavy soils to control microarthropods in Louisiana sugar­
cane fields may not be justified in the light of this belief.
The objectives of this investigation were: (1) To survey the soil 
fauna in sugarcane fields with particular reference to Collembola and other 
microarthropods. (2) To determine the seasonal abundance and distribution 
of some of the fauna encountered most commonly during these studies. (3) To
2
determine which of these animals might be most injurious to sugarcane.
(4) To determine the effects of soil application of chlordane on the soil 
fauna.
In these studies most attention was given to arthropods known or 
suspected to be phytophagous.
REVIEW OF LITERATURE
A number of efforts have been made to define and classify soil 
organisms, (Fenton, 1947; Murphy, 1953; and Kuhnelt, 1955). Fenton (1947) 
defined soil animals as those which, during the course of their develop­
ment or as adults, live within or beneath the soil surface. He grouped 
soil fauna into microfauna, mesofauna, and macrofauna, according to their 
small, intermediate or large size, respectively.
Soil Sampling and Extraction of Fauna
The technical difficulties encountered in adequately sampling 
populations of soil animals have imposed severe handicaps upon workers 
who have attempted studies in this field. As Fenton (1947) has pointed 
out, different animals require different specialized sampling techniques.
Murphy (1955a) proved experimentally that many soil organisms are 
not distributed at random, but show an aggregated pattern of distribution. 
This fact led to the commonly accepted rule that a large number of small 
samples are more efficient than a smaller number of large samples 
(Glasgow, 1939; Macfadyen, 1953; Burrage and Gyrisco, 1954; and Strickland, 
1961). Probably more work has been done attempting to develop satisfactory 
sampling methods than on any other aspect of the soil insect problem.
Methods used for separating animals from the soil have been reviewed 
by Targardh (1933), Ladell (1936), Fenton (1947), Macfadyen (1953), Lange 
et al. (1954), and Newell (1955).
3
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According to Fenton (1947), the methods commonly used in separating 
animals from the soil include hand sorting, sieving, flotation, and 
automatic or funnel methods. The hand sorting method is the simplest, 
but most laborious, and is practical only for separating the larger animals. 
According to Ladell (1936) it is impossible to crumble by hand a clay soil 
without loosing some of the smaller insects. Miles (1945) reported that 
wireworms below 5 mm in length were seldom found by hand sorting, while 
Salt and Hollick (1944) found that the number of wireworms obtained by 
this method was only 38% of the number extracted by a sieving apparatus 
they developed.
Automatic or funnel methods are based on the voluntary movement of 
fauna from the soil because of a negative response to heat (Berlese, 1905), 
or to heat and light (Tullgren, 1917). Eggs, pupae, and relatively weak, 
inactive or dead animals are not collected by this method. However, in a 
comparative study Macfayden (1955) showed that the funnel method was more 
efficient for extracting mites and Collembola from soil samples than a 
flotation method which he used. Modifications of Tullgren funnels have 
been made by Jacot (1932), Tragardh (1933), Salmon (1946), Post (1947), 
Haarlov (1947), Macfadyen (1953), Newell (1955) and Murphy (1955b).
Economic Importance of Some Soil Arthropods
The role of Collembola in economic entomology has received relatively 
little attention, probably because of their small size and inconspicuous 
retiring habits. However, their small size is offset by their immense 
numbers under conditions favorable to them.
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The economic Importance o£ Collembola was reviewed by Theobold 
(1910). Twenty-three species and their host plants are listed in this 
review as harmful to plant life. The nature of damage in each case is 
described. Mills (1930) listed 27 species of Collembola known to be of 
economic importance. One of them, the garden springtail, Bourletiella 
hortensis Fitch, was reported to attack 27 crops.
Folsom (1933) listed all of the species of Collembola then known 
to be injurious. His list includes 43 species. He stated that their 
greatest damage is done to young, tender plants, especially to seedlings, 
by eating irregular holes in leaves. He also found that they feed on tissue 
damaged by other insects, and that some species injure the stem just below 
the soil surface, while others injure roots by gnawing pits in them and 
also by destroying root hairs. He stated that they may completely destroy 
the interior of some bulbs.
Poole (1959) examined the gut contents of Collembola. He found that 
the larger species feed mainly on soil fungi, while the smaller forms 
appear to feed on humus. His work also showed no consistent difference 
between the feeding habits of species of similar size.
The most thoroughly studied symphylid is the garden centipede, 
Scutigerella 1mmaculata Newport. Its importance as a pest of field, truck, 
and floricultural crops over wide areas of the United States has been 
thoroughly documented by Herrick (1927), Filinger (1928), Riley (1929), 
Miles and Cohen (1938), Thomas (1949), Michelbacher et al. (1957). and 
Howitt et al. (1959).
Although several species of Diplopoda have been reported in the 
literature to be pests of various crops, it appears that damage caused by
these animals is limited to soft fruits, seedlings, roots, bulbs, corms, 
and fruits that touch the ground (Orchard, 1936; Rolfe, 1937; Anonymous, 
1943; Cloudsley-Thompson, 1950; and Landis and Getzendaner, 1959).
Sheals (1956) found a significant increase in numbers of Collembola 
and significant decrease in numbers of mesostigmatic mites in soils 
treated with DDT. He concluded that the mesostigmatic mites exert a 
predatory pressure on Collembola. Apparently most soil inhabiting mites 
are predaceous or saprophytic. However, Daniels and Englemann (1961) 
isolated 3 species of soil mites to which they fed several different soil 
fungi. Their observations revealed that mites accepted as food some 
fungi, but rejected others. They concluded that soil fungi provide an 
important food source for many soil arthropods, and that these food 
relationships undoubtedly affect the distribution of both fungi and 
arthropods in the soil.
Womersley (1939) stated that the Diplura and Protura are of no 
economic importance in southern Australia. It seems, however, that little 
has been written about the feeding habits of these insects.
Earthworms are generally believed to have a favorable effect on soils 
and crop yields. Guild (1955) indicated that the activities of these 
animals improved soil structure and increased the mixing of organic matter 
with the soil. Hopp and Slater (1949) found that earthworms consistently 
increased crop yields in 5 tests involving different crops and soil types.
Soil Pests of Sugarcane
Huir and Swezey (1927) found Collembola to be the most abundant 
insects in sugarcane soils in Hawaii. They stated that these insects
probably normally feed on decaying roots, and attack living cane only In
the absence of humus. Experiments in pots showed that roots were severely
pitted by Collembola and that there was a marked absence of secondary
root8, although the plants showed no above ground effects. Further
experiments in pots made by Swezey (1928) confirmed their earlier field
observations which had suggested to them that humus in the soil reduced 
' .
the amount of pitting of sugarcane roots by Collembola.
Van Zwaluwenburg (1926) studied the various kinds of animals found 
in Hawaiian soils and their relation to sugarcane plants. He found an 
unidentified species of Collembola to be capable of making small round 
shallow pits in the roots. This species formed about 55% of the total 
animal life in cane soils. He believed this insect to be a possible 
factor in growth failure of sugarcane, due to its abundance and widespread 
occurrence. He mentioned that it breeds abundantly in land containing 
old cane roots, and that part of its food is probably decaying vegetable 
tissue. He also observed vigorously growing stools of sugarcane which 
had enormous numbers of pits on the roots.
Besides Collembola, Van Zwaluwenburg (ibid^ reported the following 
animals to be abundant in sugar cane soils, and to have fed repeatedly 
in the laboratory on freshly cut cane roots, thus causing pits of various 
sizes and shapes: 2 species of centipedes (Mecistocephalus 11 «
(Gervais) and another undetermined species), a small white undetermined 
millipede, Janvx sp., and the snail, Caccilioides baldwini. Experiments 
of this kind, however, may not necessarily indicate the normal feeding 
habits of these animals in the field.
8
Other studies by Van Zwaluwenburg (1929) conducted in large experi­
mental containers showed that heavy concentrations of Collembola of the 
genus Isotomodes in soil deficient in humus caused a serious reduction of 
secondary root growth which was associated with a 9% reduction in aerial 
growth of the plants after 10 months. He mentioned, however, that this 
amount of injury from Isotomodes spp. is never encountered in Hawaiian 
cane fields where there is always enough humus material present in the 
form of decayed roots and crop residues to supply the food requirements 
of these insects. Van Zwaluwenburg summarized the investigations of the 
soil fauna of Hawaiian sugarcane fields, and concluded that the soil 
"macrofauna" (defined by him as "all animal life of a size between the 
truly microsopic and the larger forms such as root grubs") is of minor 
importance in Hawaiian cane soils.
Williams (1931) compiled a handbook of insects and other invertebrates 
of Hawaiian sugarcane fields in which a chapter on the soil fauna was 
written by R. H. Van Zwaluwenburg. All soil animals found in sugarcane 
fields are listed with their relationships to sugarcane. Two unidentified 
species of mites were reported from cane soils, and are described as 
being mainly saprophytic. The symphylids, Scolopendrella simplex Hans 
and Scutigerella sp., could be forced to feed upon cane roots in the 
laboratory, but their damage was found only rarely in the field. A 
pauropod, Pauroous sp., probably hyxleyi Lubb., was also mentioned but 
not in association with any cane root damage. Four species of Collembola 
were reported from sugarcane soils of which the conanonest was an un-» 
identified species of Isotomodes. The other less common ones were 
Onvchiurus fimetarius (L.), Folsomia fimetaria Tullb., and Isotoma palustris
Hull. var. baiteata Reut. Only very rarely was severe root damage due to 
Isotomodes found In the field, although some pitting could be found on 
nearly any root examined. A dipluran (related to Janvxl. which caused 
irregular wounds in tender root cortex in the laboratory was also found 
in some sugarcane soils.
Box and Guagliumi (1953) listed the springtail Sal£ga sp., near 
wolcotti Fols., as one of the insects known to feed on sugarcane in 
Venezuela. They stated that the species was seen in abundance on 
sugarcane foliage near Maracay during May, 1952. Guagliumi (1959) 
mentioned the same species among the injurious insects of sugarcane in 
Venezuela. In both cases, however, the nature of injury and the economic 
importance of the species was not mentioned.
Wolcott (1921) reported an unidentified light yellowish-green species 
of Collembola on sugarcane in Puerto Rico. He found this insect in abun­
dance on cane, living mostly on the undersides of the tough old leaves of 
plants at least 2 or 3 feet high. The same author (1922) listed two other 
unidentified species of Collembola on sugarcane in Santo Domingo and 
Puerto Rico. The first, described as a green springtail, was common on 
the underside of cane leaves, while the other, a grey springtail, was 
common under dead leafsheaths on the stalk. However, he did not state 
whether any of these species were injurious to sugarcane.
Smyth (1919) reported the cane root mite, Uropodus an., as being 
abundant on cane roots at Rio Piedras and in other districts of Puerto Rico 
According to him, this mite eats into, severs and sometimes tunnels the 
roots causing serious damage.
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Sein (1932) found that the Symphylid, Hanseniella sp., was responsible 
for sugarcane root pitting previously attributed to nematodes in Puerto 
Rico. He also noticed that two species of bristletails, Nicoletia sp. 
and Lepiama sp., ate irregular cavities in the tips and other tender parts 
of the roots. He thought that Nicoletia sp. was sufficiently abundant 
to cause considerable injury. He reported that the sowbug, Philoscia 
culebrae Moore, had been found to attack the tender parts of sugarcane 
roots even in the presence of decaying organic matter in the soil.
Van Dine and Christenson (1932) published a revised list of insects
affecting sugarcane in Cuba. One species of Collembola, a diplopod, a 
chilopod and a symphylid, all unidentified, were mentioned under mis­
cellaneous soil insects and animals. Also listed were 5 species of snails, 
namely, Qpeas nicra Orb., Thelidomus auricoma Fer., Obeliscus homaloevra 
Pfr., Oleacina solidula Pfr. and Sphaeroniscus sp.
Another list of insects and animals affecting sugar cane in Cuba is
given by Scaramuzza (1959) in which the springtail Entomobrva cubensis 
Fols. is named with other insects and animals as being capable of causing 
damage to sugarcane worthy of consideration. He also added the snail,
T.amp-11 av-ts micro Orb., to the 5 species previously mentioned by Van Dine 
and Christenson (1932).
Pierce (1934) reported that the springtails Lepidocvrtinus chafferi, 
Lepidocvrtus sp. and Cvphoderus sp. caused "corrosion" of sugarcane roots 
in Negros. Lepidocvrtinus chafferi and Entomobrva sp. were also recorded 
from sugarcane flowers.
During the course of a study of soil pests responsible for heavy 
mortality of sugarcane seedlings in flats at Coimbatore, India, Rao (1959)
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found large numbers of a white symphylid in soil around the plant roots. 
He was able to see the symphylids in the act of gnawing at the roots and 
tender root hairs.
Root disease, or root rot, has been considered a major cause of 
declining yields of sugarcane in Louisiana. Rands (1924) claimed that 
the snail, Zonitiodes arboreus Say, may be responsible for the root 
trouble. The damage he attributed to the snail consisted of minute 
cavities or pits which were most extensive on the soft, white, terminal 
portions of the root, frequently causing death of the growing point and 
development of secondary roots. Lesions commonly developed around the 
pits due to invasion of the weakened tissues by soil inhabiting micro­
organisms. He supported his idea that the root pitting was caused by 
the snail by direct observations and feeding tests with isolated snails 
in the laboratory. He also found this snail species associated with the 
same type of root injury on cane growing in the peat soils -of southern 
Florida.
Spencer and Stracener (1929) reinvestigated the root rot problem 
with the idea of finding a means of control for the molluscs in order to 
eliminate root pitting and subsequent invasion of roots by the root rot 
organisms. They made a survey of sugarcane fields in Louisiana. In each 
locality sugarcane stubble was dug and examined with the surrounding soil 
for root injury, snails and other animals. The more abundant of the soil 
animal species found by them included Mollusca (Zonitoides arboreus). 
Annelida (Lumbricus. spp.), Diplopoda (1 undetermined species), Chilopoda 
(2 undetermined species), Symphyla (Svmphvlella sp.). Axachnida (3 species 
of mites), Collembola (Lepidocvrtus violentus = Pseudosinella petterseni.
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Neanura wn«rnr»m. PrniBofrfjfma minuta and Onvchlurus armatus). and Coleoptera 
(Ptiodactvla aerrleal11s. Chaullognathus marelnatus. Elaterldae, Scarabaeidae, 
Rhyncophora, Staphylinidae and Carabldae). Root pitting was found In 
every field sampled.
To determine which of the animals listed above would induce root 
pittingf they placed pieces of seed cane wrapped in moist cotton in glass 
hydrometer jars. When the cane sprouted and put out roots numbers of 
Pseudosinella netterseni. Proisotoma minuta. Svmphvlella sp., Zonitoides 
arboreus. centipedes and mites were isolated and introduced into separate 
jars. Root pitting was observed only in the jars containing Pseudosinella 
netterseni. They also stated that they had frequently seen this species 
of Collembola in the act of gnawing pits on the roots.
In another series of experiments in which the different soil animals 
were introduced to cane plants growing in steam sterilized soil in 
galvanized pails, root injury was produced by Pseudosinella netterseni. 
Onvchlurus armamg and possibly Proisotoma minuta. and also by the 
symphylid, Svmnhvlella sp. Besides gnawing pits in the roots Pseudosinella 
netterseni ate off practically all the side roots. The authors considered 
this type of injury more serious than the pitting. They also found that 
the growth of cane sprouts after 2 months in palls containing this springtail 
species averaged 14% shorter than in the checks. However, their data showed 
an increase in height of sprouts amounting to about 7%> in the pots con­
taining Onvchlurus armatus. The probability of a real difference between 
these treatments could not be estimated from the data published for this 
experiment.
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They added cane and soybean crop residues to the soil in other pails 
containing springtails and sugarcane seedlings to determine if there was 
a relationship between soil humus and root injury. Their observations 
indicated that the presence of an abundance of humus in the soil did not 
prevent injury to sugarcane roots by Collembola. However, these results 
are in conflict with the observations of van Zwaluwenburg and others 
regarding Hawaiian sugarcane soils.
Further investigations by Spencer and Stracener (1930) indicated 
that the growth of sugarcane during one entire season in large outdoor 
cylinders containing sterilized or unsterlized soil may have been adversely 
affected by the springtails, Pseudosinella netterseni and Onvchiurus armatus 
In 1 series of these soil cylinders they measured average reductions in 
cane weight amounting to 22% and 167. for these two species, respectively. 
However, it was not possible from the data published to estimate the 
probability that these were real weight reductions and not chance variations 
in weights of cane from different groups of cylinders. They also believed 
that springtails had caused a germination failure in 1 of the cylinders.
They attributed very little damage to Svmnhvlella sp.
Similar studies were conducted by Ingram (1931). He made another 
survey of soil animals in sugarcane fields in 4 different locations in 
Louisiana. He found average numbers of the principal soil animals in 
soil samples 4 inches square and 8 inches deep taken from various soil 
types to be 8.93 for Hansenie11a unauiculata Bag., 2.44 for Pseudosinella 
netterseni. 3.91 for Onvchiurus armatus. 3.29 for Janvx sp. and 2.12 
for Zonitoides arboreus.
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He reported that the largest populations of soil Inhabiting animals 
were generally found in the "heavier" types of soil with equal numbers 
in fields of plant and stubble cane. Hanseniella uneuiculata. Japvx sp., 
and Zonitoides arboreus were more abundant in fields of stubble cane than 
in fields of plant cane, while Pseudosinella petterseni and Onvchiurus 
armatus were most numerous in plant cane. Pseudosinella petterseni.
Japvx sp. and Zonitoides arboreus showed little preference for the various 
types of soil, while Onvchiurus armatus and Hanseniella uneuiculata showed 
a preference for the heavier types of soil. Populations of Collembola 
found in fields where sugarcane was rotated with corn and soybeans were 
greater than in fields of continuous sugarcane in the same type of soil.
He stated that Hanseniella uneuiculata. Pseudosinella petterseni.
Japvx sp., Zonitoides arboreus. an earwig species, and two species of 
millipedes were all observed feeding on cane roots, and that he had seen 
Pseudosinella petterseni with the aid of a hand lens "grazing" upon root 
hairs of the cane plants.
Ingram (1932) again discussed the minute soil animals injurious to 
sugarcane in Louisiana, suggesting some possible means of controlling them. 
He believed that improved drainage in heavy black soils substantially 
reduces populations of soil animals, and that summer planting of sugarcane, 
which allows the plant to develop a good root system prior to the 
following growing season, reduces the amount of injury by soil animals 
in plant cane. He also postulated that many soil animals feed on sugar 
cane roots because of the absence of their preferred food, or because of 
conditions unfavorable for the fungi which seem to be the preferred food 
of some species. He suggested that the addition of organic matter to the
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soil as food for soil animals might attract the injurious root-feeding 
species away from the cane roots.
White grubs are not known to be pests of sugarcane in Louisiana, 
and have not been considered to be of any importance to the soil animal 
complex. However, they have been regarded as the most serious insect 
pests of sugarcane in Queensland, Australia (Wilson, 1959), and among 
the most important enemies of sugarcane in British Guiana (Cleare, 1933).
Larvae of certain Elateridae are capable of causing serious damage 
to sugarcane in Louisiana. Bynum ejt al. (1949) stated that wireworms 
of the genera Melanotus. Conoderus and probably Aeolus so depleted stands 
of cane planted in the fall in an area along the Mississippi River near 
Edgard, Louisiana that heavy losses were suffered in the plant-cane crop, 
and stands were not sufficiently good to justify keeping the fields for 
a stubble crop.' They found that wireworms gnawed out the eyes or buds 
of the seed cane during the fall and winter months immediately following 
planting.
Williams (1931) listed the burrowing bug, Geotomus PYffTT****”” DaUflg- 
as an occasional inhabitant of cane fields in Hawaii, both in the low 
lands and in the mountains. Andrade and Puzzi (1951) reported the root 
sucking bug, Scaptocoris castaneus. to be a pest of sugarcane in some 
localities of Sao Paulo, Brazil.
Control of Soil Pests of Sugarcane
Ingram et. aL (1950) tested various formulations of DDT for soil insect 
control in sugarcane fields in the fall of 1954. In March of the next 
year they found a 13% reduction in numbers of "injurious soil insects"
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in plots treated with 400 pounds of 17. DDT dust per acre. Two months 
later they counted 49% more plants in treated than in untreated plots, 
and at harvest time there were 26% more stalks of millable cane.
In October, 1947 experiments were conducted by the same workers to 
test various chemicals against soil insects at 2 locations in 2 different 
soil types. All insecticides were applied by hand on the stalks of seed 
cane in the planting furrows before the cane was covered with soil. The 
data they obtained indicated that, 4 pounds of chlordane per acre in 
’’heavy soil" gave a 60% decrease in populations of "injurious soil insects" 
in February, a 39% increase in numbers of plants in Hay, and an increase 
in yield of 5.3 tons of cane per acre. Toxaphene at the rate of 4 pounds 
per acre reduced soil insects by 797., increased stands by 417. and increased 
yields by 2.8 tons per acre. BHC at the rate of 0.8 pound of gamma isomer 
per acre gave the third largest increase in yield, followed by 4 pounds 
of DDT. In "medium soil" chlordane and toxaphene, each at the rate of 
4 pounds per acre, gave the best results. In these studies insect popula­
tion counts were given as such with no attempt to identify the different 
kinds of insects present.
Investigations of soil insect control in sugarcane fields were 
continued by Bynum et al. (1950). Five replicated experiments were started 
in "heavy soil" during the fall of 1948, and 2 in January, 1949. They 
reported that soil applications of chlordane, toxaphene and parathion, 
all in 1% dry formulations applied in the open furrow at time of planting 
at the rate of 400 pounds per acre reduced populations of soil insects 
and increased crop yields. BHC at the rate of 400 pounds per acre of the
0.2% gamma isomer probably reduced the soil insect population, but may
have depressed germination. They also reported that the greatest reduc­
tion in numbers of any injurious soil insect by insecticides was that of 
the springtail, Pseudosinella petterseni.
Mathes et al. (1953) conducted both small and large plot experiments 
on heavy soils during the 5-year period, 1948-1952. They applied 
chlordane dust in the open furrow at time of planting at rates of 2 to 4 
pounds of chlordane per acre for "soil animal" control in sugarcane 
fields. They reported that yields of plant cane were increased in 23 
out of 25 experiments conducted for an average of 2.8 tons of cane per 
acre. They concluded that 2 pounds of chlordane per acre would be satis­
factory for soil animal control, but presented no data from their 
experiments on populations of soil animals present.
Treatment of "heavy soils" with chlordane was first recommended in 
Louisiana in 1954 to control soil animals attacking sugarcane. This 
recommendation was supported by 8 years of cooperative field tests by 
the Louisiana Agricultural Experiment Station and the Federal Station* 
Average yield increases in the plant cane crop following the application 
of 2 to 4 pounds of chlordane per acre in "heavy black soil" were reported 
for 31 out of 33 experiments. The average yield Increase amounted to 2,9 
tons of cane per acre for all 33 experiments (Dugas et al.. 1954).
Mathes et. al. (1956) conducted 3 field experiments to compare the 
effectiveness of various insecticides against soil arthropods* In 1 
experiment 12 insecticide sprays were applied to sugarcane seed pieces 
in the open furrow using 20 gallons of spray per acre on 3 different 
soil types. The data obtained indicated no significant effects on yield 
from insecticide applications in sandy soils, except that aldrin caused
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a significant decrease in yield per acre, while dieldrin showed a trend 
in the same direction. In treated plots in "heavy soil", endrin, toxaphene, 
isodrin, DDT, and BHC increased yields over those from the check plots.
In another experiment conducted in "heavy soil" using 10 different 
insecticides, 5 pounds of chlordane per acre increased yields of first 
and second year crops by 7.3 and 6.4 tons of cane per acre, respectively. 
Although these yield increases are reported to have resulted from the 
control of soil arthropods, no data are presented to show the effects of 
insecticide treatments on populations of soil arthropods.
Chlordane as a Soil Insecticide
Siddiqi and Agarwal (1956) used chlordane and BHC against termites 
in sugarcane soils in India. The data they obtained led them to suggest 
that chlordane acted not only as an effective insecticide against termites, 
but also stimulated plant growth. They estimated the loss in crop yield 
due to termite attack in the untreated crop to be 4.4%, while yield 
increases in plots treated with chlordane ranged from 28% to 42%.
Boswell et aJL. (1955) studied the effect of certain insecticides 
in the soil on a wide range of field and truck crops in 3 different states 
and concluded that, with few exceptions, chlordane at rates up to 75 
pounds per acre had no important effects on yields of any crop tested.
As far as the persistence of chlordane in the soil was concerned, it was 
shown that 50% to 60% of the amount of chlordane applied was recovered 
after 15 years in plots in Georgia, 15% to 40% was recovered after the 
same period from soil plots in Washington, and 14% to 33% was recovered 
after 3 years from plots in New Jersey.
Wolcott (1953) found that the action of chlordane on white grubs 
was comparatively slow, and that 2 years elapsed before all the grubs 
died in soil treated with 5 and 10 pounds of chlordane per acre. He also 
noticed that after 3 years chlordane mixed with the soil was almost as 
effective as when originally applied.
Fleming and Maines (1954) investigated the persistance of chlordane 
in soils of an area infested by the Japanese beetle. When chlordane was 
applied as a top dressing at the rate of 10 pounds per acre about one- 
third remained after 1.5 years, and about one-twentieth after 2.5 years. 
There was little change in the amount of residue remaining during the 
next 3 years. When chlordane was mixed with the soil at rates varying 
from 1 to 25 pounds per acre, the amount of residue remaining after 5 
years was proportional to the amount applied, but the rate of reduction 
was slower than when the insecticide was applied as a top dressing. The 
residual chlordane in all the soils tended to approach an average of 12% 
after 4 years. They also noticed that chlordane residues generally 
decreased as soil organic matter increased.
Polivka (1956) applied chlordane to the soil in 8 tests at different 
rates of application ranging from 1 to 25 pounds per acre for the control 
of the Japanese beetle. His data showed that 5 pounds of chlordane gave 
excellent control for at least 6 years in every test conducted.
Lichtenstein and Polivka (1959) treated turf in plots of sandy loam 
soil with chlordane and other insecticides at different rates of applica­
tion to determine the residual effectiveness of these insecticides 
against the Japanese beetle grub. Chlordane was applied at rates of 1,
5, 15, and 25 pounds per acre. The insecticide was not worked into the
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soil, and the plots were left undisturbed throughout the years. After 
12 years they recovered an average of 157* of the applied chlordane 
estimated by a specific chemical analysis, and an average of 127. accord­
ing to a bioassay method.
Daniels (1961) obtained increased yields of grain sorghum by using 
chlordane, dieldrin, heptachlor and aldrin as seed treatments to control 
wireworms and grubs. He stated that the insecticides had a repellent 
rather than a toxic effect on larvae.
Long and Lilly (1958) reported that aldrin, dieldrin, endrin, 
heptachlor and lindane applied as seed treatments to corn seed possessed 
varying degrees of repellency toward wireworms which was indicated both 
by inhibition of the feeding reaction, and by movement of the insects 
away from treated seeds. Wireworms were tagged with radioactive cobalt 
to follow their movements in relation to corn seeds planted in pots of 
soil.
MATERIALS AMD METHODS
Description o£ Fields and Field Activities
Studies of the soil fauna of sugarcane fields were initiated in 1960 
in 6 different fields of Iberville Parish, Louisiana.
Fields 1-5 were planted in the fall of 1960, at which time 6 rows were 
treated with chlordane and 6 adjacent rows left as an untreated check in 
each field. A plot 200 feet long was staked off on the middle 4 rows of 
each 6-row strip as an area for periodic soil sampling and yield measure­
ment.
Field-6 was planted in the fall of 1961. In this field chlordane was
Aapplied to 6 plots 3 rows wide and 140 feet long. Six alternate plots of 
equal size were left as untreated checks.
In all test fields chlordane spray was applied to seed cane in the 
open furrow in a band approximately 18 inches wide. From approximately 
12 to 20 gallons of spray was applied per acre in the different fields.
The rate of chlordane application was approximately 2 pounds per acre in 
all fields exept the treated plot in field-2, which was treated at the 
approximate rate of 1.4 pounds per acre.
Field-1 was located on the T. J. Sanchez Farm several miles south of 
White Castle, Louisiana in a field of Sharkey clay which contained 3.75% 
soil organic matter. Neither.soil insecticides nor endrin for borer 
control had been used previously in this field. Sugarcane had preceded
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summer fallow before sugarcane of the variety N. Co. 310 was planted 
October 13, 1960.
Field-2 was located on Richland Plantation several miles northwest 
of White Castle, Louisiana in a field of Sharkey clay which contained 
2.86% soil organic matter. Sugarcane had preceded summer fallow before 
sugarcane of the variety C.P. 52/68 was planted October 5, 1960. Soil 
insecticides probably had not been used previously, and certainly not 
since 1951. Endrin for borer control had never been used in this field.
Field-3 was located on Nodaway Plantation less than 2 miles from 
field-2 in a Commerce very fine sandy loam which contained 1.96% soil 
organic matter* Sugarcane had preceded summer fallow before sugarcane 
of the variety C.P. 44/101 was planted October 7, 1960. Soil insecticides 
probably had not been used previously, and certainly not since 1951.
Endrin had never been used for borer control.
Field-4 was located on the Charles Landry Farm at Bayou Goula, 
Louisiana in a Commerce loam which contained 2.367. soil organic matter. 
Eleven years of continuous pasture preceded summer fallow before sugarcane 
of the variety C.P. 44/101 was planted October 12, 1960. ^either soil 
insecticides nor endrin for borer control had been used previously in 
this field.
Field-5 also was located on the Charles Landry Farm at Bayou Goula, 
Louisiana, but in a Mhoon silty clay which contained 3.407. soil organic 
matter. The history of this field during the previous 11 years was 
identical to that of field-4. Sugarcane of the variety C.P. 44/101 was 
planted October 7, 1960.
- 0 ’■ 
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Field-6 was located on the Dominck Catnpesi Farm several miles south 
of White Castle, Louisiana in a Sharkey silty clay which contained 2.50% . 
soil organic matter. Sugarcane had preceded summer fallow before sugar
cane of the variety N. Co. 310 was planted October 2, 1961. Soil insec­
ticides had not been used previously in this field. However, endrin had 
been used for sugarcane borer control in previous years. °
<9O 0
Organic matter content was determined for a representative soil ^  -
©
sample from each of the 6 study fields in February, 1963. Soil from ° °
each field was analyzed for total nitrogen content on a percentage of o°
o ° 0
weight basis, and these figures were multiplied by 20 to give an estimate o °
*> _ u
of organic matter content.
Stand counts were made periodically in the plots of each field by o
counting all of the stalks present. o
Samples of sugarcane roots were examined for root pitting and the 
number of pits on 50 to 75 Inches of roots were recorded for each plot.
Roots examined were taken from 12 stools of sugarcane at different 
locations in the plots.
Crop yields were estimated by machine harvesting and weighing all 
of the cane on three rows in each plot. A random sample of 20 stalks 
was taken from each plot for sucrose analysis. Sugar per ton of cane 
was estimated by polarimetric determination of sucrose in the juice from 
each stalk sample. Data on sucrose were then converted to sugar per ton 
by reference to tables of empirical data on commercially recoverable 
sugar for different sucrose values in Louisiana sugarcane (Anonymous 
1962).
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Sampling for Soil Fauna
Two kinds of soil samples were taken periodically from each plot. 
These were small 1-gallon samples for microarthropod extraction by 
Tullgren funnels, and larger 3-gallon samples for examination by hand 
sorting.
The small samples normally were taken with a small gardener's 
trowel from the upper 6-inches of the root zone on the row. This commonly 
required discarding the dry surface crust of soil to a depth of about 
1 inch or several inches of loose soil following recent cultivation before 
taking the soil sample. Twelve trowels full of soil from as many dif­
ferent places in a plot normally were required to make each 1-gallon 
sample, which was brought to the laboratory in a gallon size ice cream 
carton. One small sample was taken periodically from each plot, in 
addition to other similar samples taken on special occasions to study 
the vertical distribution of microarthropods.
The larger 3-gallon soil samples were also taken from the plant root 
zone on the rev, but were dug with a shovel from an area of approximately 
1 square foot and brought to the laboratory in 3-gallon metal buckets for 
hand sorting. Eight 3-gallon samples were taken periodically on each 
sampling date from as many different places in each plot.
All soil samples taken periodically were from the middle four rows 
of each plottin fields 1-5, and from each of the three rows in plots of 
field-6. Sampling within plots was always done according to a regular 
pattern of equally spaced locations within the area of each plot sampled.
Soil sampling in fields 1-5 started in February, 1961, and continued 
bimonthly through November, 1961. During 1962 small samples were taken
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from these fields every 3 mpnths beginning in February, while large 
samples were taken only in February, June, and September. Due to un­
controllable circumstances large samples from fields-1, -2, and -3 in 
February, 1961, and small samples from fields-1, and -2 in August of the 
same year could not be taken. Sampling for microarthropods in field-6 
began in February, 1962 and continued bimonthly through December of 
that year. Three-gallon samples for hand sorting were taken from this 
field only in Harch, June, and September, 1962. Microarthropods were 
extracted from 1-gallon soil samples using a battery of 20 Tullgren 
funnels (Figure 1). Each galvanized iron funnel was 12 1/3 inches in 
diameter at the top. A screw ring for a half pint Mason jar was fixed 
to each funnel at its narrow end which measured 2 7/8 inches in diameter. 
Soil was prevented from passing through the funnel by a screen wire disc 
soldered inside the funnel 5 inches below its top. A  150-watt projector 
spot bulb was used as the heat source. The bulb was suspended over the 
funnel at a distance of 25 inches above the soil surface.
After soil samples were placed in the funnels and the heat lamps 
turned on, extraction was allowed to proceed for 6 to 8 days. Micro­
arthropods were collected in labelled half-pint Mason jars half filled 
with 95% ethyl alcohol. These jars were stored for subsequent identifica­
tion and counting of the microarthropods contained in them.
The 3-gallon soil samples were spread for inspection on a tarpaulin 
covered table. Macroarthropods and earthworms were removed from the soil 
by hand and put in 2-punce jars containing the K.A.A.D. mixture described 
by Peterson (1943). Afcer 3 hours they were transferred to jars of 95%
Figure 1. Battery of Tullgren funnels used for extraction of microarthropods from soil samples*
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ethyl alcohol, labelled and stored for subsequent identification and 
counting.
Identification of Soil Fauna
Efforts made to identify the genera and species of soil fauna 
encountered in these studies were determined by the probable feeding 
habits of the unknown animals, and by the practicality of counting and 
identifying large numbers of organisms. Very little time was spent 
identifying animals to genera or species unless they were at least sus­
pected of being phytophagous.
Collembola were identified to genus by the writer according to the 
classification of Scott (1961), and his pictorial keys to the Nearctic 
genera of Collembola were used in these studies. Maynard's (1951) com­
prehensive and well illustrated work on the Collembola of New York was 
also consulted. Reference specimens, identified to species by Dr. D. L. 
Wray, of the North Carolina Department of Agriculture, were very helpful, 
particularly at the beginning of this work. After several months the 
writer could identify most springtails to genus using a stereoscopic 
microscope and consulting keys only occasionally.
Several unrecognized arthropod species, known or suspected to be 
phytophagous and which were encountered repeatedly in appreciable numbers, 
were sent to the U. S. National Museum in Washington, D. C. for identifica­
tion. Classification of insects to order and family was frequently accom­
plished by reference to the keys of Borror and DeLong (1957) and Peterson 
(1951).
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Acarina were counted in each sample without further classification. 
However, a number of specimens apparently representative of the major 
species encountered wc;re mounted in Hoyer's medium on glass slides.
These were identified to family by Dr. J. P. Woodring, Department of 
Zoology, Louisiana State University. No attempts were made to identify 
spiders.
Greenhouse Experiments
Two experiments were conducted in the greenhouse to determine the 
effects of soil microarthropods on growth of sugarcane plants. In green­
house experiment-1 single eye seed pieces of sugarcane of the variety 
C.P. 44/101 were planted October 29, 1962 in each of 32 gallon size cans 
three-fourths filled with steam sterilized Sharkey clay soil from 
field-2. Sixteen pots were inoculated with a heterogenous field popula­
tion of microarthropods, while the remaining 16 were kept as checks. 
Inoculation was done, after planting the cane seed pieces in the cans by 
placing each pot to be inoculated under a Tullgren funnel containing 
1 gallon of freshly dug soil from field-5. Soil in the funnels was 
exchanged on alternate days for fresh soil from the field and inoculation 
continued for 8 days, during which time each pot received the animals 
extracted from 4 gallons of soil. At the same time animals from some 
funnels were collected in alcohol to permit identification and estimation 
of the numbers of microarthropods with which the planted cans were 
inoculated. After inoculation all cans were coated outside with a band 
of tanglefoot and kept on a bench in the greenhouse where temperatures 
ranged from 65° to 80°F. during the course of the experiment.
Daily records were kept on date of cane emergence in each pot.
Weekly measurements were made of plant height in each pot. After 11 
weeks the cane was cut and all above ground parts of the plant in each 
can were weighed. Microarthropods were extracted from the soil in each 
can to permit identification and counting of animals present at the end 
of the experiment. Some of the roots from each can were examined for 
root pitting.
In greenhouse experiment-2 single eye seed pieces of sugarcane 
variety C.P. 44/101 were planted November 9. 1962 in 15 cans of sun-dried 
Sharkey clay soil from field-2. This soil had been brought from the 
field 3 weeks earlier and spread to dry on a greenhouse bench to eliminate 
the living fauna present. Similarly, sugarcane was planted on the same 
date in 15 other cans containing fresh soil from the same field with its 
natural living fauna. Samples of both sun-dried and fresh soil were put 
in the funnels for microarthropod extraction at the beginning of the 
experiment, and the soil from all 30 pots was subjected to the funnel 
extraction process 11 weeks later when the experiment was terminated.
Other experimental details were similar tp those described for experiment-1
Statistical Analyses
The significance pf differences between means was determined by 
Student's t-test.
Simple correlation coefficients between numbers of different 
arthropods and root pits were computed for the replicated experiment 
in field-6 and for greenhouse experiments-1 and -2. Similarly coefficients 
of correlation between numbers of different arthropods and crop yields or
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plant weight8 were computed with data from these experiments. Coefficients 
of correlation between root pits and crop yield or plant weights were also 
determined.
Coefficients of partial regression of crop yields or plant weights 
on numbers of different arthropods were computed for the experiment In 
field-6 and for greenhouse experiments-1 and -2. Coefficients of deter­
mination were also computed for these variables by methods of multiple 
correlation analysis.
One abbreviation and 2 symbols are used without explanation in some 
of the tables of results. The abbreviation, ns, indicates that the 
difference between means was not significant at the 57. level. The single 
asterisk (*) and double asterisk (**) indicate statistical significance 
at the 5% and 17. levels, respectively.
RESULTS
Since Tullgren funnels with lights providing heat were to be used 
to extract microarthropods from soil samples, it was decided to compare 
the efficiency of two different light sources. Eight funnels each 
containing 1 or 1/2 gallon of fresh field soil were set up. A  150-watt 
projector lamp was suspended 25 inches above the surface of 1-gallon 
soil samples in each of four funnels, while a 40-watt white light bulb 
was fixed 2 inches above the surface of 1/2-gallon samples in the remain­
ing four.
Data in table I show the number of microarthropods extracted from 
the soil samples using each light source. Almost 50% more Collembola 
and approximately four times as many Aparina were obtained with the 
150-watt projector lamps.
Soil Fauna of Sugarcane Fields
The soil fauna-of the fields studied may be divided into 2 groups. 
The first comprises the microarthropods extracted by the funnel method, 
while the second consists of the macroarthropods and other animals picked 
up by hand sorting of soil samples. 
nnTf^mhola
Sixteen genera of Collembola were found to be represented in the 
soils of sugarcane fields sampled during the course of these studies. 
These are Onvchiurus. Tullbergia. Hvnogastrura. Neanura. Xsotomurus.
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Table I. Numbers of microarthropods extracted from 1 gallon of 
Sharkey silty clay soil using Tullgren funnels vith 
different light sources for heat.
Microarthropods
Sources of Light Collembola Acarina_____ Miscellaneous
150-watt projector 460 61 10
lamp 25 inches 364 65 10
above soil 529 102 5
862__________127  10
Mean 554 89 9
40-watt light 270 30 2
bulb 2 inches 130 24 2
above soil 542 26 5
498 10 4
Mean 360 23 3
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yolgonflpft, Projg^ymft, Orchesc}la. Lenidocvrtus. Pseudosinella.
SntffiBgtoa, M98Pl9thOT«s> Smlnihvri4c>» Salnth«im»» and gaintluaiii.- 
Samples £rom other localities probably would Include additional genera.
Following Is a key for identification of genera based only on 
springtails collected during this study:
1. Body elongate; segments of thorax and abdomen usually 
well separated. . . . . . . . .
la. Body globular; most segmental boundaries obscure
2. Prothorax well developed, not hidden by mesothorax 
2a. Prothorax reduced or hidden dorsally by mesothorax
3. Eyes absent . . . . . . . . .
3a. Eyes present . . . . . . . .
4. Body stout or moderately slender; unguiculus well
developed. . . . . . . .  .Onvchiurus (Fig. 2)
4a. Body very slender; unguiculus reduced or
a b s e n t ................................   Tullberala
5. Furcula present; sixth abdominal segment rounded . . Hvnoyaqtrura
5a. Furcula absent; sixth abdominal segment bilobed . Neanura
6. Fourth abdominal segment at least twice as long as
third segment . . . . . . . . . . . 7
6a. Fourth abdominal segment less than twice as long
as third segment, or last 3 abdominal segments fused . 1 0
7. Antenna 6-segmented . . . . .  Orchesella (Fig. 8)
7a. Antenna 4-segmented. . . . . . . . . 8
8. Eyes, absent; body white. . . . .  Pseudosinella (Fig. 7)






9. Body without scales . . . . . . Entomobrva
9a. Body with scales . . . . . Leoldocvrtus (Fig. 6)
10. Fourth abdominal segment fused with fifth and 
sixth segments; post antennal organ and eyes
absent . . . . . . . . .  Folsomina (Fig. 3)
10a. Abdominal segments not fused; post antennal
organ and eyes present or absent . . . . . . 1 1
11. Furcula long, reaching ventral tube . . Isotomurus (Fig. 5)
11a. Furcula not long enough to reach ventral tube . . . 1 2
12. Two widely separated eyes on each side of head; 
fourth abdominal segment shorter than third
segment . . . . . . . . . .  Folsomides
12a. Group of 8 eyes on each side of head; fourth 
abdominal segment not shorter than third
segment ................................  Proisotoma (Fig. 4)
13. Antenna shorter than head; eyes absent . . . .  Megalothcrax
13a. Antenna longer than head, eyes present . . . . . 1 4
14. Fourth antenpal segment subsegmented; thoracic
sutures indefinite . . . . . . . .  Sminthurus
14a. Fourth antennal segment not subsegmented,
thoracic sutures evident. . . . . . . .  15
15. Fifth and sixth abdominal segments fused . . . Sminthurides
15a. Fifth and sixth abdominal segments separate . . Sminthurinus
Following are the species of Collembola identified by Dr. D. L. Wray
from samples sent to him on 2 occasions early in the course of these 
studies:
Figure 2. Onvch^uruq armatus Tullb. Enlarged to 35 times 
natural size.





Proisotoma cognata Fols. Enlarged to 40 times natural
size.
Xsotomurus palustris var. balteata Reuter. Enlarged 
to 40 times natural size.

Figure 6. Lepidocvrtus cvaneous var. cinereous Fq Is . Enlarged to 
21 times natural size.
Figure 7. Pseudosinella petterseni Borner. Enlarged to 23 times 
natural size.

Figure; 8. Orchesella ainsliei Fols. Enlarged to 18 times natural
size.





TulXbergla 1ovensis Kills 
Tullberela granulata Mills 
Hvppgastrura Nic.
Isotomurua palustrls Muller 
Isotomurus gftlygtrXfi. var. feftUffflta Reuter 





Lepldocvrtus cvaneous var. cinereous Fols.
Pgf.V.4.P9tn9U& Borner
MftgalgthftlHHt Borner
Sminthurldes M B i t l m ,  vat. JrEYPHteriF Reuter 
Sminthurlnus n U «  Lubbock
Mj&seJU&nPffpg MisjL9arthr9P94ff
Animals in the order Acarina were the most numerous of arthropods 
found In 4 out of the 6 fields examined. Following Is a list of the families 
of Acarina found In the sugarcane soils examined with their feeding habits 
















The only species of Tetranychidae represented was Identified as the 
"legume mite", Petrobia apicalis (Banks).
Two species of Symphyla found were tentatively identified as 
Scutiaerella fmnmr-nlflta Newport and Svmphvlella sp. (Fig. 9). Svmphvlella 
sp. was the most common of the 2.
Two species of Diplura found were identified as Janvx sp. and Campodea 
sp. Campodea sp. was found only rarely.
Species of Protura and Pauropoda were not determined.
Hemiptera were represented by miscellaneous nymphs and adults mostly 
of the family Enicocephalidae. A few immature Coccidae were included in 
the counts for this category.
One aphid species identified as Rhopalosiphum splendens (»subterraneum 
Mason) was found in some soil samples.
Most of the larval Coleoptera extracted by the funnel method were 
minute Carabidae. Carabids and staphyiinids accounted for most of the 
adult beetles.
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Small unidentified dipterous larvae were extracted from soils as 
well as winged adults. Among the latter the families Sciaridae,
Psychodidae, Phoridae and Scatopsidae were most common.
Other arthropods extracted in small numbers included Corrodentia, 
Hymenoptera, Thysanoptera, and Araneida.
Macroarthropods and Annelida
Scarabaeid larvae found were Identified as Pleurophorus sp.,
Phvllophaga sp. near vetula (Horn), Phvllophaga sp. near ephilida C Say-). 
Cvclocephala sp., probably ipmaculata 01iv., and an unknown species of 
Anomalini, probably in the genus Pachvstethus. All of these genera 
are known to include phytophagous species except pleurophorus which is 
saprophytic. Elaterid larvae found were determined as Aeolus sp. and 
Glvolonvx sp. Chrysomelid larvae found were identified as Diabrotica 
longicornis (Say) and D. undecimpunctata howardi Barb. Other miscellaneous 
Coleoptera included adults of the family Staphylinidae, larvae and adults 
of the family Carabidae.
Two species of Hemiptera of the family Cydnidae, found in relative 
abundance only during spring and early summer, were identified as 
Pangaeus bilineatus (Say) and Sehirus cinctus (Beauvois).
Larvae of several species of Diptera occasionally were taken from 
some of the samples examined. The most common of these were identified 
as Laohria sp. of the family Asilidae and unidentified tipulid larvae.
The millipede species, Pseudopolvclesmup serratus (Say) was found 
by hand sorting and by Tullgren funnel extraction methods.
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Several unidentified species of centipedes and spiders were found 
by hand sorting some of the soil samples examined.
Unidentified species of earthworms found belonged to the families 
Enchytraeidae and Megascolecidae.
Seasonal Abundance of Soil Fauna
Collembola
Table II shows the seasonal abundance of total Collembola and some 
major genera in this order in fields 1-5 during 1961 and 1962. Collembola
as a group were most abundant during the spring with peak populations
of 1198 in June, 1961 and 741 in Hay, 1962. Their numbers were reduced 
in summer and fall, particularly in 1962. Also, they were 447. more 
abundant during the relatively moist 1961 season than in the drier 
year 1962.
Springtails in the genera Onvchiurus. Pseudosinella and Proisotoma 
followed almost the same seasonal abundance described for total 
Collembola. Springtails in the genus Lepidocvrtus were more abundant 
during the drier 1962 season than in 1961. They differed from other
groups by being most abundant during the dry months of August and
November, 1962. Others in the genera Isotomurus and Orchesella did not 
show any consistent pattern of seasonal abundance.
The seasonal abundance of total Collembola and some major genera 
in field-6 during 1962 is seen in table III. Springtails were most 
abundant in the spring, followed by a sharp decline during the summer.
The total population increased slightly during the fall and rapidly in
Table II. Seasonal abundance of total Collembola and some major genera in fields 1-5, Iberville Parish,
Louisiana, 1961-1962.
Dates
Numbers of Collembola Extracted From 10 Gallons of SoilTotalCollembola Onvchiurus Pseudosinella Lenidocvrtus Isotomurus Orchesella Proisotoma
February 1961 327 39 81 66 39 22 4April 1961 927 323 171 28 55 19 3June 1961 1198 352 298 45 44 5 125August 1961a 504 228 60 21 41 6 27October 1961 537 78 62 4 163 40 7February 1962 363 55 35 0 171 0 3May 1962 741 141 119 15 52 53 137August 1962 256 8 29 105 4 6 0November 1962 203 2 28 88 1 8 1
aSnedecor's (1956) formula for estimating missing data was used to obtain the figures in this row since 2 of the 5 fields were not sampled on this date.
Table III. Seasonal abundance of total Collembola and some major genera In Sharkey silty clay soil of.
Field-6, White Castle, Louisiana, 1962.
Numbers of Collembola Extracted From 12 Gallons of Soil
Date Total Collembola Pseudosinella Lepidocvrtus Isotomurus Orchesella Froisotoma
February 3378 33 803 1153 389 957
April 5429 129 1230 354 1130 2467
June 215 1 65 5 0 54
August 193 3 121 3 13 13
October 587 68 348 3 99 10
December 425 66 295 0 31 2
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winter and spring. Populations of the 5 major genera found in this 
field followed the same general pattern of seasonal abundance with few 
minor exceptions. Isotomurus and Prolsotoma were relatively scarce 
during October and December. Lepidocvrtus was relatively more abundant 
during June and August than all other genera.
Miscellaneous Arthropods
Data in tables XV and V show the seasonal abundance of some small 
arthropods in fields 1-5 during 1961 and 1962, and field-6 during 1962, 
respectively.
Acarina generally were most abundant in the spring and fall.
Symphyla and Pauropoda resembled each other in their patterns of sea­
sonal abundance. Their populations increased gradually during spring 
and summer, reaching a peak during late summer or fall. Diplura may be 
similar, although representatives of this group were too few to clearly 
establish a pattern of seasonal abundance.
Populations of Diplopoda and Protura (table TV only) were indicative 
of no clear cut trends in seasonal abundance. Soil aphids were found 
only in February and April.
Stages of Svmphvla
Information on the seasonal development of Symphylella sp. was 
obtained during 1962 by counting the numbers of legs per individual in 
a representative sample of symphylids for each sampling date. Individuals 
with six pairs of legs were considered to be first instars, with each 
additional pair denoting a successive developmental stage.
Table VI indicates that most symphylids were in the fifth instar 
and adult stages in February, but that 80% of the population were second
Table IV. Seasonal abundance of some different arthropods In fields 1-5, Iberville Parish, Louisiana,
1961-1962.
Numbers of Arthropods Extracted From 10 Gallons of Soil
Dates Acarina Svmphvla Diplopoda Pauropoda Diplura Protura Aphidae
February, 1961 494 1 1 0 0 0 36
April, 1961 2047 7 0 9 0 10 0
June, 1961 2744 24 7 26 6 6 0
August, 1961a 646 73 18 24 37 7 0
October, 1961 1412 178 4 32 8 28 0
February, 1962 747 55 1 6 3 13 0
May, 1962 1882 31 8 15 3 11 0
August, 1962 771 170 5 51 16 14 0
November, 1962 648 38 0 5 5 12 0
aSnedecor's (1956) formula for estimating missing data was used to obtain figures in this row since 
2 of the 5 fields were not sampled on this date.
Table V. Seasonal abundance of some different arthropods In Sharkey silty clay
soil of field-6, White Castle, Louisiana, 1962.
Numbers of Arthropods Extracted From 12 Gallons of SoilDates Acarina Svmphvla Pauroooda Diplura Aphidae
February 505 14 6 0 39
April 1053 2 6 0 7
June 162 42 14 0 0
August 229 192 48 4 0
October 3348 449 162 8 0
December 1306 119 5 17 0
Table VI. Seasonal development of the symphylid, Svmphvlella sp .. in soils of sugarcane fields 1-6 of 




Per Cent of Population Sample in Each Staeea Average Stage 
of Development2nd Instar 3rd Instar 4th Instar 5th Instar Adult
February 24 4 8 8 38 42 5.0
May 29 42 38 10 0 10 3.0
June 42 17 26 36 19 2 3.6
August 331 13 18 21 31 17 4.2
October 446 8 22 18 20 32 4.5
November 38 11 8 26 21 34 4.6
December 118 5 5 14 24 52 5.1
aOnly 2 first instars were encountered, 1 in May and another in July.
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and third instars by May. The average developmental stage increases 
thereafter until by December more than 3/4 of the population were again 
fifth instars or adults.
Distribution of Soil Fauna
Soil Type
The relative abundance of Collembola in the fields examined is 
shown in table VII. Collembola were most abundant in the silty clay
soils of fields 5 and 6. They were some what less abundant in the clay
soils of fields 1 and 2, and least abundant in the very fine sandy loam
and loam soils of fields 3 and 4, respectively.
Populations of Onvchiurus followed in order by PBeudosinella and 
Hvpogastrura were the most abundant of all springtails in fields 1-5. 
Springtails in the genera Isotomurus. Folsomina. Prolsotoma. Folsomides 
and Lenidocvrtus were moderately abundant in these fields. Those in the 
genera Prolsotoma. Lenidocvrtus. Orchesella and comprised
over 937. of all Collembola in field-6. Populations of Onvchiurus and 
Pseudosinella were relatively much less abundant in this field than 
in fields 1-5.
Springtails were much more abundant in soils containing at least 
2.57. organic matter than in soils of lower organic matter content.
The relative abundance of some other microarthropods in the fields 
studied is presented in table VXIX.
Diplura, Protura, small predaceous Hemiptera, Aphidae, Diplopoda 
and Araneida occurred in relatively small numbers in the different fields 
sampled.
Table VII. Relative abundance of Collembola in 6 different fields representing 5 soil types with the
indicated amounts of soil organic matter, Iberville Parish, Louisiana, 1961-1962.
3. Commerce
1. Sharkey 2. Sharkey Very Fine 4. Commerce 5. Mhoon Silty 6. Sharkey
Clay Clay Sandy Loam Loam Clay Silty Clay
Genera (3.76% 0.M.1 (2.86% O.M.) (1.96% 0.M.1 (2.36% O.M.') (3.40% O.M.) (2.50%
Onychiurus 354 407 192 144 765 2
Tullbergia 0 10 8 33 3 11
Hypogastrura 290 n o 38 22 280 3
Neanura 0 2 0 0 0 1
Isotomurus 105 106 33 73 212 337
Folsomina 100 22 12 16 87 6
Proisotoma. 115 34 4 8 119 777
Folsomides 104 8 50 8 17 60
Orchesella 24 58 0 17 54 369
Lepidocyrtus 181 87 7 7 39 628
Pseudosinella 163 230 74 70 246 67
Entomobrya 2 3 0 3 17 0
Megalothorax 0 14 2 0 43 1
Sminthurides 4 13 0 41 57 1
Sminthurinus 0 0 4 8 11 1
Sminthurus 4 1 5 1 3 1
Total 1446 1105 429 451 1853 2265
inO
Table VIII. Relative abundance of some microarthropods In 6 different fields representing 5 soil types
with the Indicated amount of soil organic matter, Iberville Parish, Louisiana, 1961-1962.
3. Commerce1. Sharkey 2, Sharkey Very Fine 4. Commerce 5. Mhoon Silty 6. SharkeyClay Clay Sandy Loam Loam Clay Silty ClayArthropods (3.76% O.M.) (2.86% O.M.) (1.96% O.M.) (2.36% O.M.) (3.40% O.M.) (2.50% O.M.)
Diplura 1 9 3 19 9 6Protura 0 43 0 3 18 0Hemiptera 10 9 9 10 17 15Aphidae 2 5 1 5 23 10Coleoptera 66 58 21 52 107 51Diptera 39 18 2 7 25 16Symphyla 197 75 76 80 76 182Diplopoda 4 2 3 9 8 2Pauropoda 23 58 11 2 50 53Acarina 2047 3139 193 1115 4151 1467Araneida 7 34 1 0 23 5
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Small predaceous and saprophytic Coleoptera and small saprophytic 
flies and maggots In the order Dlptera generally were most abundant In 
soils with relatively high organic matter content.
Symphyla occurred in almost equ^l numbers In fields 2, 3. 4, and 
5 which include four different soil types ranging from a very fine sandy 
loam to a clay soil. However, they were most abundant in the clay and 
silty clay soils of fields 1 and 6.
Populations of Pauropoda were more abundant in the heavier clay 
and silty clay soils than in the loam and very fine sandy loam soils.
Acarina varied greatly in abundance from field to field, ranging 
from 193 mites per 16 gallons of soil in field-3 to 4151 in field-5.
Populations generally were greater in the heavier clay soils than in the
loam soils.
The relative abundance of some soil macroarthropods and earthworms 
in the 6-fields studied is shown in table IX. Scarabaeid larvae of the 
saprophytic genus Pleurophorus and of the phytophagous genera Phvllophaga. 
Cvclocephala and probably Pachvstethus were most abundant in the very 
fine sandy loam or loam soils of fields 3 and 4. Elaterid larvae were 
more abundant in the Sharkey clay soil of field-1 than in any of the 
other fields. Diabrotica larvae were more abundant in the Mhoon silty 
clay soil of field-5 than in any other field. Nymphs and adults of the 
burrowing bugs, Pangaeus bilineatus and Sehirus cinctus were most numerous 
in fields 3 and 2, respectively. Numbers of other arthropods were found
in relative abundance as indicated in the table.
Table IX. Relative abundance of some soil macroarthropods and annelids in 6 different fields representing 5
soil types with the indicated amounts of soil organic matter, Iberville Parish, Louisiana,
1961-1962.
1. Sharkey 2. ClayAnimals (3.76% O.M.)
3.SharkeyClay(2.86% O.M.)
Commerce Very Fine 4. Sandy Loam (1.96% O.M.)
CommerceLoam(2,36% O.M.)
5. Mhoon Silty Clay(3.40% O.M.)
6. Sharkey Silty Clay 2.50% O.M.)
ColeopteraScarabaeidae 6 7 51 33 3 0(saprophytic)Scarabaeidae 3 6 0 26 9 1(phytophagous)Elateridae 18 3 11 2 2 12Diabrotica 7 0 * 1 1 24 10Miscellaneous 58 16 34 33 21 32
HemipteraPansaeus bilineatus 2 32 219 0 3 1Sehirus cinctus 1 13 1 0 0 0
Piptera 0 1 4 15 2 1
Chilopoda 1 0 1 5 3 4
Diplopoda 22 11 4 28 12 6
Araneida 1 4 4 8 2 1
Annelida 53 78 20 31 165 37
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Vertical Distribution
Comparisons were made during 1962 of the numbers of microarthropods 
extracted with Tullgren funnels from soil samples taken in fields 5 and 
6 to represent different sample depths and different conditions of soil 
moisture.
Figures in table X show the numbers of microarthropods extracted 
from 4 gallons of dry surface soil from the 0-1 inch depth, and from 
the same amount of relatively moist soil from the 1-2 inch depth.
Collembola were only slightly more abundant in the second than 
in the first inch of soil. However, all genera represented did not 
occur in equal numbers at the 2 depths. Hvpoeastrura was most abundant 
in the surface inch, while Lenidocvrtus and Isotomurus were
most abundant in the second inch.
Acarina were approximately 7 times as abundant in the first as 
in the second inch of soil. Other miscellaneous arthropods were almost 
4 times more common in samples of the first inch soil layer.
Table XI shows the numbers of microarthropods extracted from 
3-gallon soil samples taken from the first, second, and third 6-inch 
layers of a Sharkey silty clay under relatively dry soil conditions.
All microarthropods except Collembola occurred in largest numbers at 
the 6-12 inch layer. Collembola were most abundant at the 12-18 inch 
depth. Numbers of springtails of the genus Folsomides increased with 
increasing depth of samples, while numbers of Lenidocvrtus were approx­
imately the same at different sampling depths.
Table XIX shows the number of microarthropods extracted from 4 
gallons of the first and second 6-inch soil layers in field-5 under 
relatively moist and dry soil conditions.
55
Table X. Numbers o£ microarthropods extracted from 4 gallons of dry surface soil from the first inch, and moist soil from the second inch of a Sharkey silty clay soil, field-6, White Castle, Louisiana, April 18, 1962.
Dry Surface Moist SoilMicroarthropods_ _ _ _ _ _ _ _ _ _ _ Crust (0-1 in.) (1-2 in.)





Table XI. Numbers of microarthropods extracted from 3 gallons 
of the first, second and third 6-inch layers of 
a relatively dry Sharkey silty clay soil, Field-6,
White Castle, Louisiana, July 24, 1962.
Depth of Soil Samples (Inches) 
Microarthropods_____________________0-6_________6-12_______12-18
Collembola:
Onychiurus 0 2 3
Folsomina 5 6 2
Proisotoma 5 1 2
Folsomides 1 11 29
Orchesella 4 0 0
Lapidocyrtus 8 9 9
Pseudosinella 0 4 3
Miscellaneous 3___________1__________ 4
Total 26 34 52
Diplura 1 4 2
Symphyla 0 19 15
Acarina 88 128 64
Miscellaneous 11 23 14
Table XII. Numbers of microarthropods extracted from 4 gallons .of the first and second 6-inch layers of a Mhoon silty clay soil under relatively moist and dryconditions, field-5, Bayou Goula, Louisiana, 1962.
Microarthrooods Drv CJulv 20) Moist (Ausust 9")•0HvOIO 6-12 In. 0-6 In, ,6-12 In,.
Collembola:Onychiurus 73 94 52 41Folsomina 0 3 6 0Folsomldes 0 0 8 3Lepidocyrtus 2 1 19 2Pseudosinella 23 27 20 2Sminthur ides 2 0 2 1Miscellaneous 6 3 2 3
Total 106 128 109 52
Diplura 6 10 17 10
Symphyla 5 28 6 3
Acarina 417 458 817 317
Miscellaneous 29 66 86 56
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Total springtail populations decreased by approximately one-third 
during the interval from July 20 to August 9, although some genera appeared 
to increase slightly. A heavy rain 4 or 5 days prior to the latter date 
ended an extended dry spell. Most of the springtails were found in the 
upper 6 inches of soil on August 9, although 3 weeks earlier they had 
been more evenly distributed between the first and second 6-inch soil 
layers. The vertical distribution of Onvchiurus populations in the soil 
apparently changed less during the 3 week interval between samples than 
did the distribution of populations of Lenidocvrtus or Pseudosinella.
Populations of Symphyla in the upper 12 inches of soil appeared to 
decrease during the interval between samples, while Diplura and Acarina 
appeared to increase moderately in numbers. All were more abundant in 
the upper 6 inches of soil on August 9 after a heavy rain than at a lower 
depth. Three weeks earlier (July 20) when the field was quite dry 
populations of these 3 groups had been greater in the second than in the 
first 6-inch soil layer.
Effects of Soil Fauna on the Sugarcane Plant
Greenhouse Experiments
Table XIII summarizes results from greenhouse experiments-1 in 
which sugarcane was planted and grown for 11 weeks in pots of steam 
sterilized Sharkey clay soil, half of which had been inoculated with a 
natural heterogeneous population of microarthropods from the Mhoon silty 
clay soil of field-5.
The data show that when the experiment was terminated there were 
many more Collembol?, Acarnia and miscellaneous microarthropods in the
Table XIII. Plant weights, numbers of root pits and microarthropods recovered from pots of steam-sterilized
soil with and without inoculation 11 weeks after planting, greenhouse experiment-1, Baton Rouge,
Louisiana, January, 1963.
Plant Weight Pits Per 50Collembola Acarina Miscellaneous (gms.) Inches of RootPot Inoc. Ck. Inoc. Ck. Inoc. Ck. Inoc. Ck. Inoc. Ck
1 99 2 276 7 14 0 37.5 51.4 32 02 641 12 811 255 11 0 39.1 49.3 24 03 339 0 1188 377 49 0 42.9 40.3 5 04 200 3 892 26 17 0 55.9 47.0 9 05 296 292 773 342 13 2 39.7 50.4 27 06 286 47 1400 469 49 1 49.4 54.0 16 07 748 4 1468 128 6 0 33.7 52.9 35 08 1607 24 1685 463 11 0 13.6 47.4 53 09 104 13 360 200 7 1 43.9 56.3 12 0ID 744 22 1227 146 16 2 37.4 43.9 27 011 517 11 1879 56 12 0 37.8 33.9 39 012 292 78 1034 0 39 0 44.3 61.1 40 013 380 6 173 0 11 0 38.1 45.2 33 014 713 4 3369 44 68 0 37.3 50.3 49 015 420 0 1328 315 61 1 40.3 51.1 15 016 174 13 461 5 11 0 41.5 60.6 19 0
473 . J M L 1145 177 25 0 39.5 ** 49.7 . . 22.. . 0
inVO
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inoculated pots than in those which were maintained as uninoculated checks. 
Contamination of the check pots by Collembola involved only 2 genera, 
Entomobrvft and Hvoogastyura. neither of which probably inhabit the soil 
but most likely live instead on or above the soil surface.
It may be determined from the data that plants averaged approximately 
21% heavier 11 weeks after planting in the check pots than in the inocu­
lated pots. This difference was significant at the 1% level. At the 
same time an average of 27 pits or small cavities per 50 inches of roots 
were found in the inoculated pots, while no root pits were found in the 
check pots.
Table XIV gives the numbers of Symphyla, Pauropoda and the most 
abundant genera of Collembola found in the inoculated pots at the termina­
tion of experiment-1, together with plant weights and pits per 50 inches 
of roots. Springtails of the genera Onvchiurua and Pseudosinella were 
by far the most abundant microarthropods present. Folsoyiina and other 
miscellaneous springtails were present but relatively scarce. Symphyla 
and Pauropoda were also present but scarce.
Table XV summarizes results from greenhouse experiment-2 in which 
sugarcane was planted and grown for 11 weeks in pots of Sharkey clay soil 
from field-2, half of which contained soil fresh from the field, while 
the other half contained soil which had been spread to dry on a greenhouse 
bench 3 weeks prior to planting.
The data show that when the experiment was terminated there were 
many more Collembola, Acarina and miscellaneous microarthropods in the 
pots of fresh soil than in the sun-dried soil. Ninety per cent of the
Table XIV. Plant weights, numbers of root pits and some microarthropod populations recovered from pots of
steam-sterilized soil 11 weeks after planting and soil inoculation, greenhouse experiment-1,
Baton Rouge, Louisiana, January, 1963.
Pot Svmphvla Pauropoda Onvchiurus Collembola Pseudoslnella Folsomina Miscellaneous Plant Weight (ms.) Pits Per 50 Inches of Root
1 8 0 24 68 0 7 37.5 322 7 1 345 285 5 6 39.1 243 10 34 71 255 4 9 42.9 54 5 4 131 64 0 5 55.9 95 4 0 38 248 0 10 39.7 276 7 0 51 185 2 48 49.4 167 3 0 582 154 0 12 33.7 358 2 0 1185 371 3 48 13.6 539 1 3 79 22 2 1 43.9 1210 8 3 320 421 11 1 37.4 2711 5 3 192 320 1 4 37.8 3912 5 30 51 230 3 8 44.3 4013 5 0 110 259 2 9 38.1 3314 8 11 226 441 6 40 37.3 4915 9 3 201 215 3 1 40.3 1516 4 0 25 132 2 15 41.5 19
Mean 6 6 227 229 3 14 39.5 27
Table XV. Plant weights, numbers of root pits and microarthropods recovered from pots of sun-dried
and fresh Sharkey clay soil 11 weeks after planting, greenhouse experiment-2, Baton Rouge,
Louisiana, February, 1963.
Plant Weight Pits Per 50
Collembola Acarina .. Miscellaneous (emu.) Inches of Root
Pot Fresh Dried Fresh Dried Fresh Dried Fresh Dried Fresh Dried
1 309 28 1400 0 159 0 30.4 33.0 52 0
2 107 0 53 6 22 0 35.9 55.8 13 0
3 336 5 626 4 35 0 31.7 40.6 36 0
4 237 23 348 6 71 0 34.2 27.6 11 0
5 254 70 507 3 58 0 36.5 46.6 11 0
6 30 94 57 0 37 0 40.1 42.9 19 0
7 184 4 335 0 32 0 39.0 41.9 22 0
8 260 1 950 1 88 0 32.6 53.5 57 0
9 302 5 282 2 41 0 31.4 40.0 32 0
10 535 2 238 2 28 0 23.4 48.9 36 0
11 772 1 188 14 36 0 10.3 43.0 72 0
12 287 43 256 0 37 0 28.7 50.8 31 0
13 161 1 275 1 54 0 32.0 42.4 6 0
14 191 0 312 1 24 0 32.3 55.2 26 0
15 332 30 194 105 19 0 31.3 47.4 30 0
Mean 286 20 401 10 49 0 31.3 ** 44.6 30 0
<T>ro
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Collembola recovered from the pots of sun-dried soil belonged to the 
genus Sminthurides and the remaining 10% to the genus Entomobrva.
It may be determined frost the data that plants averaged approxi­
mately 30% heavier from the sun-dried soil than from fresh soil. This 
difference was significant at the 1% level. At the same time an average 
of 30 pits per 30 inches of roots were found in the pots of fresh soil, 
while no root pits were found from the sun-dried soil.
Table XVI gives the numbers of Symphyla, Pauropoda, and the most 
abundant genera of Collembola recovered from pots containing fresh soil 
at the termination of experimentT2 together with plant weights and pits 
per 50 inches of roots. Springtails of the genus Pseudosinella were the 
most abundant microarthropods present, accompanied by moderate numbers 
of Megalothorax and Folsomina. Onvchiurus and other miscellaneous spring- 
tails were present but relatively scarce* Symphyla and Pauropoda were 
also present but scarce.
Table XVII shows the average numbers of microarthropods present in 
the inoculated and fresh soil pots at the beginning and end of greenhouse 
experiments-1 and -2, respectively. Data in this table indicate that 
populations of Onvchiurus and Pseudosinella increased tremendously in 
the inoculated pots during the course of experiment-1, while Hvpogastrura 
and Folsomina apparently decreased in numbers. In experiment-2 
Pseudosinella showed the greatest increase in pots of fresh field soil, 
while populations of Folsomina and Mega1othorax also increased considerably. 
Onvchiurus may have increased slightly in this experiment. Populations 
of Symphyla and Diplura decreased or failed to increase in both greenhouse
Table XVI. Plant weights, numbers of root pits and some microarthropod populations recovered from pots of fresh
Sharkey clay soil 11 weeks after planting, greenhouse experiment-2, Baton Rouge, Louisiana, February,
1963.









1 2 3 0 267 26 4 12 30.4 52
2 3 2 1 42 64 0 1 35.9 13
3 1 1 0 250 43 43 0 31.7 36
4 2 0 12 211 5 6 3 34.2 11
5 4 0 0 227 12 14 1 36.5 11
6 0 2 0 21 4 4 1 40.1 19
7 7 0 0 108 21 44 10 39.0 22
8 15 11 3 101 103 53 0 32.6 57
9 2 0 11 103 52 93 43 31.4 32
10 3 2 5 286 100 141 3 23.4 36
11 2 11 70 182 191 299 20 10.3 72
12 4 1 0 253 8 22 5 28.7 31
13 4 1 23 123 12 3 0 32.0 6
14 2 1 44 102 4 37 4 32.3 26
15 1 2 0 174 115 42 1 31.3 30
Mean 3 2 11 163 51 54 7 31.3 30
CT\
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Table XVII. Average numbers of microarthropods per pot at 
beginning and end of greenhouse experiments, 
Baton Rouge, Louisiana, 1962-1963.
Inoculated Pots Pots of Fresh Field
of Experiment-1 Soil in Exoeriment-2
MiLcyqsjthropodg  Initial - Final_______ Initial Final
Collembola
Onychiurus 3 227 1 11
Tullbergia 5 5 2 0
Hypogastrura 62 3 25 3
Isotomurus 4 0 1 0
Folsomina 17 3 1 51
Orchesella 2 0 0 0
Lepidocyrtus 6 1 5 0
Pseudosinella 14 229 9 163
Entomobrya 6 3 2 4
Megalothorax 9 2 1 54
Sminthurides 5 0 2 0
Sminthurus 1 0 0 0
Miscellaneous 6 1 3 0
Totals 140 474 52 286
Diplura 9 1 1 1
Symphyla 27 6 10 3
Acarina 502 1145 210 401
Miscellaneous 46 18 37 45
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experimental while mite populations approximately doubled during each 
experiment.
Field Experiments
Tables XVIII and XIX show the effects of soil application of 
chlordane on springtail populations in sugarcane fields 1-5 during 1961 
and 1962, respectively. Data in these tables indicate that soil treatment 
with chlordane had no significant effects on populations of any genera of 
Collembola present during the first or second year following treatment. 
However, means for all fields indicate an appreciable reduction in 
springtail populations of the genus Pseudosinella where chlordane was 
applied amounting to 667, and 697, during 1961 and 1962, respectively.
Similar differences were noted for populations of Leoidocvrtus amounting 
to 687. and 567. reductions associated with insecticide treatment during 
the two years, respectively. On the other hand, the means alone would 
indicate that the populations of Prolsotoma might have increased following 
insecticide treatment.
Data in tables XX and XXI show that soil treatment with chlordane 
had no significant effects on total numbers of various microarthropods 
extracted from soil samples during 1961 and 1962. These included Symphyla, 
Diplura, Diplopoda, Pauropoda, and others.
Tables XXII and XXIII show the effects of chlordane on populations 
of some larger animals taken by hand sorting soil samples from fields 1-5 
during 1961 and 1962* respectively. The only significant effect of 
chlprdane on animal populations reported in these tables was a reduction 
of phytophagous scarabaeid larvae during the first year following soil 
treatment (table XXII). However, the means indicate average reductions
Table XVIII. Numbers of Collembola extracted from 4 gallons of soil taken from chlordane-treated and
untreated plots of fields 1-5, Iberville Parish, Louisiana, February-November, 1961.
Genera Field 1 Field 2 Field 3 Field 4 Field 5 MeanCk. Tr. Ck. Tr. Ck. Tr. Ck. Tr. Ck. Tr. Ck. Tr.
Onychiurus 84 268 134 209 11 4 19 10 41 13 58 ns 101Hypogastrura 120 139 6 12 7 7 8 1 47 158 38 ns 63Isotomurus 31 41 55 40 22 8 13 9 35 47 31 ns 29Folsomina 44 52 21 0 7 4 13 0 14 48 20 ns 21Proisotoma 2 104 2 12 4 0 1 0 12 2 4 ns 24Folsomides 10 90 3 5 12 12 7 1 5 4 7 ns 22Orchesella 6 5 19 17 0 0 8 8 1 22 7 ns 10Lepidocyrtus 46 7 40 17 1 0 0 7 21 4 22 ns 7Pseudosinella 85 77 148 17 38 36 23 7 131 10 85 ns 29Miscellaneous 7 19 10 18 11 2 2 6 7 20 7 ns P
Total Collembola 435 802 438 347 113 73 94 49 314 318 279 ns 320
Table XIX. Numbers of Collembola extracted from 4 gallons of soil taken from chlordane-treated and untreated
plots of fields 1-5, Iberville Parish, Louisiana, February-November, 1962.
Genera
Field 1 Field 2 Field 3 Field 4 Field 5 Mean
Ck. Tr. Ck. Tr. Ck. Tr. Ck. Tr. Ck. Tr. Ck. Tr.
Onychiurus 0 2 33 31 4 2 0 1 126 7 33 ns 9
Hypogastrura 25 6 16 76 17 7 6 7 52 23 23 ns 24
Isotomurus 24 9 7 4 1 2 39 12 73 57 29 ns 17
Folsomina 1 3 1 0 1 0 2 1 21 4 5 ns 2
Proisotoma 4 5 8 12 0 0 2 5 26 79 8 ns 20
Folsomides 4 0 0 0 8 18 0 0 7 1 4 4
Orchesella 8 5 19 3 0 0 1 0 18 13 9 ns 4
Lepldocyrtus 88 40 22 8 3 3 0 0 11 3 25 ns 11
Pseudosinella 0 1 47 18 0 0 17 23 97 8 32 ns 10
Miscellaneous 4 2 1 16 3 3 51 27 78 40 27 ns 18
Total Collembola 158 73 154 168 37 35 118 76 509 235 195 ns 118
Table XX. Numbers of some microarthropods extracted from 4 gallons of soil taken from chlordane-treated and
untreated plots of fields 1-5, Iberville Parish, Louisiana, February-November, 1961.
Arthropods Field 1 Field 2 Field 3 Field 4 Field 5 MeanCk. Tr. Ck. Tr. Ck. Tr. Ck. Tr. Ck. Tr. Ck. Tr.
Diplura 0 0 0 2 0 2 4 4 0 2 1 ns 2Aphidae 2 0 0 5 0 1 2 3 5 18 2 ns 5Coleoptera 28 23 26 11 6 6 19 18 59 29 28 ns 17Diptera 5 10 4 0 1 0 2 4 6 8 4 4Symphyla 43 66 20 23 4 6 15 9 1 23 17 ns 25Diplopoda 2 2 0 1 1 1 2 1 2 0 1 1Pauropoda 7 0 24 14 0 1 0 2 8 11 8 ns 6Acarina 290 578 1110 1068 41 86 519 227 1053 1625 603 ns 740
Table XXI. Numbers of some microarthropods extracted from 4 gallons of soil taken from chlordane-treated and
untreated plots of fields 1-5, Iberville Parish, Louisiana, February-November, 1962.
Field 1 Field 2 Field 3 Field 4 Field 5 Mean
Arthropods_______________Ck. Tr.___Ck. Tr._________Ck. Tr.______ Ck. Tr._____ Ck. Tr._____ Ck.______Tr.
Diplura 0 1 1 6 1 0 6 5 4 3 2 ns 3
Coleoptera 9 6 11 10 7 2 9 6 19 0 11 ns 5
Diptera 16 8 12 2 1 0 1 0 11 0 8 * 2
Symphyla 35 53 21 11 30 36 21 35 35 17 28 ns 30
Diplopoda 0 0 0 1 0 1 5 1 6 0 2 ns 1
Pauropoda 9 7 5 15 1 9 0 0 18 13 7 ns 9
Acarina 568 611 485 476 39 27 172 197 999 474 453 ns 357
Table XXII. Numbers of some soil animals found by hand sorting 32 3-gallon soil samples from chlordane-treated
and untreated plots of fields 1-5, Iberville Parish, Louisiana, April-October, 1961.
Field 1 Field 2 Field 3 Field 4 Field 5 MeanSoil Animals_ _ _ _ _ _ _ _ _ Ck. Tr._ _ _ _ Ck. Tr._ _ _ _ Ck. Tr._ _ _ _ Ck. Tr._ _ _ _ Ck. Tr.___ Ckj_ _ _ _ _ Tr.
ColeopteraScarabaeidae 5 1 4 2 18 32 16 16 1 2 8.8 ns 10.6(saprophytic)Scarabaeidae 2 0 3 0 0 0 11 6 5 0 4.2 * 1.2(phytophagous)Elateridae 3 0 1 1 2 1 1 1 0 2 1.4 ns 1.0Diabrotica spp. 5 2 0 0 0 0 0 1 22 2 5.4 ns 1.0Miscellaneous 23 19 9 5 6 19 19 8 2 5 11.8 ns 11.2
HemipteraPaneaeus bilineatus 2 0 10 19 45 173 0 0 0 0 11.4 ns 38.4Sehirus cinctus 0 1 3 10 0 1 0 0 0 0 0.6 ns 2.4
Diplopoda 13 2 3 2 0 1 7 8 2 4 5.0 ns 3.4
Annelida 39 13 32 19 7 3 14 8 66 19 31.6 ns 12.4
Table XXIII. Numbers of some soil animals found by hand sorting 24 3-gallon samples of chlordane-treated
and untreated plots of fields 1-5, Iberville Parish* Louisiana, February-September, 1962.
Field 1 Field 2 Field 3 Field 4 Field 5 Mean
Soil Animals_____________Ck. Tr.______Ck. Tr.______Ck. Tr.______Ck. Tr.______Ck. Tr._____Ck.________Tr.
Coleoptera
Scarabaeidae 0 1 2 1 0
(phytophagous)
Elateridae 6 9 0 1 5
Miscellaneous 10 6 1 2 5
Hemiptera
Paneaeus bilineatus 0 0 3 0 0
Diplopoda 4 3 3 3 2
Annelida 0 1 23 4 1
0 5 4 1 3 1.6 ns 1.8
3 0 0 0 0 2.2 ns 2.8
6 3 4 7 7 5.2 ns 5.0
1 0 0 2 1 1.0 ns 0.4
1 9 4 3 3 4.2 ns 2.8
9 7 2 79 1 22.0 ns 3.4
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of 61% and 85% of earthworm populations in chlordane plots during 1961 
and 1962, respectively. Saprophytic scarabaeid larvae, Diabrotica larvae 
and burrowing bugs of the species ^ehirus cinctus. which had been found 
in most of the fields during 1961, were not found in 1962.
Table XXIV gives the numbers of pits per 50 inches of sugarcane 
roots from chlordane-treated and untreated check plots in fields 1-5 in 
October, 1962. Chlordane had no significant effect on root pitting 
which could be detected almost 2 years after chlordane was applied. It 
was also seen in this table that the numbers of root pits increased as 
the organic matter content of the soil decreased.
Table XXV shows the average numbers of sugarcane plants per 200 row 
feet counted on different dates during 1961 and 19$2 in chlordane-treated 
and untreated check plots of fields 1-5. On all dates more plants were 
counted in treated than in untreated plots, and these differences were 
statistically significant in June and October, 1961.
Plant and stubble crop yields of sugarcane and sugar per acre from 
the chlordane-treated and untreated check plots of fields 1-5 are shown 
in table XXVI. The average yields of cane and sugar per acre were slightly 
higher for treated than for check plots in both the plant and stubble 
crops. However, the only significant yield increase was an average of 
329 pounds of sugar per acre for treated plots in the stubble crop.
Table XXVII shows the numbers of Collembola extracted from 6 gallons 
of soil taken periodically during 1962 from chlordane-treated and un­
treated check plots of fields* Chlordane application in the .._fall of 
1961 had no significant effect on springtail populations found in the soil 
during the following year.
Table XXIV. Numbers of pits per 50 inches of sugarcane roots from chlordane-
treated and untreated check plots in fields 1-5, and organic matter 
content of soil in these fields, Iberville Parish, Louisiana, 
October, 1962.





1 3.76 60 42 62
2 2.86 75 91 122
3 1.96 75 133 121
4 2.36 75 92 100
5 3.40 75 68 67
Mean 85 ns 94
-j•p'
Table XXV. Average numbers of sugarcane plants per 200 row feet counted on different dates In chlordane-
treated and untreated check plots of fields 1-5, Iberville Parish, Louisiana, 1961-1962.
Field April,.Ck. 1^61Tr. June.Ck. 1?61Tr. August.Ck. i mTr. OcJtober. Ck. 1961Tr. Ma.YjCk. 1962Tr. July*.Ck. 1962Tr. October.Ck. 1962Tr.
1 406 457 960 1111 707 729 707 710 480 475 1207 1147 892 821
2 386 363 820 1098 751 826 810 816 662 758 1021 1044 835 884
3 291 312 621 722 654 649 684 725 116 135 380 397 - -
A 238 302 648 787 704 794 783 845 60 102 313 483 413 582
5 286 367 586 640 739 739 725 765 168 * 268 491 805 52$ 675
Mean 321 ns 360 727 * 872 711 ns 747 742 * 772 297 ns 348 682 nsi 775 667 ns 741
in
Table XXVI. Plant and stubble crop yields of sugarcane from chlordane-treated and untreated
check plots of fields 1-5, Iberville Parish, Louisiana, 1961-1962.
Plant Crop______________ __________Stubble Crop
Cane Per Acre Sugar Per Acre Cane Per Acre Sugar Per Acre
(Tons)  (Pounds) (Tons)_____ (Pounds)
Field_____ Check Treated_____ Check Treated_________ Check Treated_____ Check Treated
1 28.8 27.4 5936 5598 29.4 26.7 5004 5065
2 31.2 32.4 5089 5570 35.7 36.3 5823 6113
3 35.2 36.7 5555 5663 13.8 17.1 2129 2486
4 32.8 35.0 5524 5460 19.3 23.0 3115 3604
5 27.7 28.0 4665 4668 18.3 21.3 3212 3661
Mean 31.1 ns 31.9 5354 ns 5392 23.3 ns 24.8 3857 * 4186
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Table XXVII. Numbers of Collembola extracted from 6 gallons of Sharkey silty clay soil from chlordane-
treated and untreated check plots of field-6, White Castle, Louisiana, February-December, 1962.
A B C D E F MeanGenera Ck. Tr. Ck. Tr. Ck. Tr. Ck. Tr. Ck. Tr. Ck. Tr. Ck. Tr.
Tullbergia 5 3 2 4 1 5 2 3 24 0 0 2 6 ns 3Isotomurus 52 178 95 295 158 125 110 117 106 111 52 119 96 ns 158Proisotoma 247 175 182 506 861 222 465 87 215 112 238 193 368 ns 216Folsomides 83 8 11 2 82 12 4 13 20 17 9 10 35 ns 10Orchesella 79 153 127 276 81 124 196 103 99 191 88 143 112 ns 165Lepidocyrtus 232 509 338 362 417 133 116 96 193 124 139 166 239 ns 232Pseudosinella 62 5 13 5 176 2 0 0 0 0 2 35 42 ns 8Miscellaneous 8 1 18 4 5 4 3 2 7 4 5 0 8 ns 3
Total 768 1032 786 1454 1781 627 896 423 664 559 533 668 905 ns 794
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Table XXVIII shows the numbers of some other microarthropods ex­
tracted from 6 gallons of soil taken periodically during 1962 from chlordane- 
treated and untreated check plots of fleld-6. Chlordane treatment 
significantly reduced populations of Diplura and Pauropoda by amounts 
equivalent to 75% and 68% respectively.
Table XXIX shows numbers of some soil animals collected periodically 
during 1962 by hand sorting soil samples from chlordane-treated and 
untreated check plots of field-6. Chlordane treatment significantly 
reduced populations of Elateridae and Annelida. The means indicate that 
numbers of Diabrotica larvae and miscellaneous Coleoptera may also have 
been reduced.
Table XXX shows the numbers of pits per 50 inches of sugarcane roots 
from chlordane-treated and untreated check plots of field-6 in July and 
October, 1962. Chlordane application in the fall of 1961 was associated 
with a significant 58% reduction in root pitting based on root samples 
taken the following July. By October, 1962 the indicated reduction in 
root pitting was only 447., and was not statistically significant.
Table XXXI shows the numbers of sugarcane plants per 420 row-feet 
in chlordane-treated and check plots of field-6 on 3 different dates. 
Chlordane treatment may have caused small average increase in numbers of 
plants per plot in June and October, and was associated with significant 
yield increases amounting to 2 tons of cane and 358 pounds of sugar per 
acre.
Correlation
Correlation coefficients between numbers of root pits, sugarcane 
plant weights and populations of different arthropods in field-6 and in
Table XXVIII. Numbers of some microarthropods extracted from 6 gallons of Sharkey silty clay soil from
chlordane-treated and untreated check plots of field-6, White Castle, Louisiana, February
December, 1962.
Arthropods A B C
D E F MeanCk. Tr. Ck. Tr. Ck. Tr. Ck. Tr. Ck. Tr. Ck. Tr. Ck. Tr.
Diplura 3 0 7 2 7 2 4 1 0 1 2 0 4 * 1Aphidae 0 0 3 0 17 0 7 2 0 1 0 16 5 ns 3Coleoptera 15 29 9 25 33 13 22 30 10 18 11 15 17 ns 22Diptera 7 6 7 3 11 9 2 3 4 4 8 6 7 ns 5Symphyla 49 36 85 65 96 85 44 71 146 47 16 78 73 ns 64Pauropoda 39 16 19 6 27 16 34 3 46 5 18 12 31 ** 10Acarina 373 349 363 562 686 564 311 183 667 895 647 1003 508 ns 593
Table XXIX. Numbers of some soil animals found by hand sorting 36 3-gallon samples of Sharkey silty clay 
soil from chlordane-treated and untreated check plots, of field-6, White Castle, Louisiana, 
March-September, 1962.
A B C D E F Mean
Soil Animals Ck. Tr. Ck. Tr. Ck. Tr. Ck. Tr. Ck. Tr. Ck. Tr. Ck. Tr.
Coleoptera
Elateridae 2 1 5 1 2 0 4 1 2 1 5 0 3.3 ** 0.7
Diabrotica s d d . 1 0 1 0 1 0 1 0 3 2 9 2 2.7 ns 0.7
Miscellaneous 6 8 5 4 4 2 6 5 7 2 13 5 6.8 ns 4.3
Annelida 11 5 8 2 12 1 12 0 15 0 9 0 11.1 ** 1.3
Table XXX. Numbers of pits per 50 Inches of sugarcane roots 
from chlordane-treated and untreated check plots 
in Sharkey silty clay of field-6, White Castle, 
Louisiana, 1962.
July 24____  October 12
Replicates___________ Check Treated______  Check Treated
A 62 14 99 23
B 32 9 50 50
C 26 32 162 67
D 35 19 142 103
E 50 7 49 13
F 7 9 12 45
i 36 * 15 86 ns 50
Table XXXI. Sugarcane stands and yields from chlordane-treated and untreated check plots In Sharkey
silty clay of field-6. White Castle, Louisiana, 1962.
Crop Yields
Plants Per 420 Row Feet ___________ Cane Per Acre Sugar Per Acre
Replicates
April 18 June 19 October• 21 (Tons) (Pounds)
Ck. Tr. Ck. Tr, Ck. Tr. Ck. Tr. Ck. Tr.
A 350 312 1858 1994 1572 1556 27.0 30.1 6204 6860
B 358 320 1812 1837 1583 1608 28.8 29.7 6252 6715
C 336 324 1641 1577 1524 1534 30.6 28.5 6919 6601
D 323 314 1786 2001 1447 1525 25.7 28.5 6045 6290
E 316 372 1871 2165 1479 5171 27.6 30.7 6240 6831
F 318 336 1820 1967 1454 1538 27.4 31.9 6297 6807
Mean 334 ns 330 1798 m i 1924 1510 ns 1556 27.9 * 39.9 6326 * 6684
the greenhouse experiments are shown in table XXXII. Coefficients of 
partial regression of plant weights on numbers of these arthropods are 
also given in this table.
Highly significant positive correlations were found between numbers 
of total Collembola and root pits in greenhouse experiments-1 and -2, 
and between numbers of Pauropoda and root pits in field-6 and greenhouse 
experiment-2. Significant positive correlation coefficients between root 
pits and certain genera of Collembola were found in either a field or 
greenhouse experiment for the genera Onvchiurus. Folsomina. Folsomides. 
Pseudosinella and Hegalothorax.
Highly significant negative correlation coefficients were found 
between numbers of total Collembola and plant weights in greenhouse ex- 
periments-1 and -2. Figures 10, 11 and 12 show graphically the relation­
ships between numbers of total Collembola and plant weights in greenhouse 
experiments-1 and -2 and in field-6 respectively. Significant negative 
correlations between plant weights and certain genera of Collepbola were 
found in at least 1 greenhouse experiment for the genera Onvchiurus. 
Folsomina. Pseudosinella and Meaalothorax. Negative correlation coeffic­
ients between plant weights and numbers of Elateridae and Pauropoda were 
also significant in field-6, and in field-6 and greenhouse experiment-2, 
respectively. Figure 13 shows graphically the relationships between 
numbers of Pauropoda and crop yields in field-6. There was a significant 
positive correlation between cane yields (plant weights) and numbers of 
total Acarina in field-6.
Negative coefficients of partial regression of plant weights on 
Collembola populations were significant in greenhouse experiments-1 and -2
Table XXXII. Correlation coefficients between sugarcane plant weights, root pits and numbers of different soil 
arthropods, and partial regression coefficients of plant weights on these animals in field-6 and 
greenhouse experiments.
Correlation (r)________________________ Partial Regression (b)















Onychiurus .546* .388 -.830** -.697** -0.210* -1.309*
Isotomurus -.400 — .427 - - .135 - - - -
Folsomina -.046 .716** -.157 -.756** 6.692 -0.273
Proisotoma .054 - - .049 - - -.134
Folsomides .534* - - -.005 - - -.636 - -
Orchesella -.445 — - - .185 — - - .151 - - - -
Lepidocyrtus -.057 - - — .371 — _ _ -.012 — - -
Pseudosinella .178 .580* .278 .296 -.505* -.428 .907 -0.391 -0.517**
Megalothorax — .698** — — -.885** - - - - 0.095
Miscellaneous .308 .424 .331 -.354 -.369 -.313 - - -0.113 -1.360
Total -.045 .643** .728** -.428 -.842** -.938** - - —  am
Elateridae .162 - - - - -.571* — - -
Diplura .256 — - - -.152 - - - - — - -
Symphyla .397 -.244 .116 .118 .265 .112 -.001 0.493 1.912
Pauropoda .837** -.112 .803** -.581* .068 -.587* .074 0.174 -9.542
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for the genus Onvchiurus. and highly significant in the latter experiment 
for the genus Pseudosinella.
Other significant correlation coefficients not mentioned in 
table XXXII are -.606, -.711 and -.715 between root pits and plant weighs 
in field-6 and in greenhouse experiments-1 and -2, respectively.
Multiple correlation analyses were made between numbers of different 
soil arthropods and weights of sugarcane plants in field-6 and greenhouse 
experiments-1 and -2. The coefficients of determination from these 
analyses are shown in table XXXIII.
Data in this table indicate that 92% of the variation in plant 
weights in field-6 was associated with variation in numbers of Collembola. 
Springtails in the genera Proisotoma. Folsomides. Orchesella and 
Pseudosinella appeared to account for 877o of the variation in plant 
weights.
Other information in table XXXIII indicate that 69% of the variation 
in plant weights in greenhouse experiment-1 was accounted for by variation 
in numbers of Collembola of the genus Onvchiurus. In greenhouse experi­
ment-2 it appears that Onvchiurus. Pseudosinella and Pauropoda accounted 
for 847. of the variation in plant weights.
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Table XXXIII. Coefficients of determination from multiple correlation 
analyses of weights of sugarcane plants on numbers of 
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DISCUSSION
Collembola and Acarina were more abundant in fields 1-5 during 
1961 than they were during 1962 (tables II and IV). This may be explained 
by the fact that the total precipitation reported at Carville, Louisiana 
(approximately 3 to 10 miles from the fields examined) was 35.82 inches 
during June, July, August, and September, 1961, while only 11.11 inches 
were reported during the same-months of 1962. The average temperature 
for these 4 months in 1961 also was about 3.6°F. less than that reported 
for the same period in 1962 (U. S. Dept, of Commerce, Weather Bureau,
1961, 1962).
Collembola and Acarina were more abundant in clayey soils relatively 
high in organic matter content than in loamy soils which contained less 
organic matter (tables VII and VIII). However, Symphyla were found in 
every soil examined without much indication of any optimum soil type or 
level of organic matter content.
Wireworms were most common in the Sharkey clay soil of field-1.
This was unexpected since they are considered to be economic pests of 
sugarcane only in sandy soils in Louisiana. However, the wireworm popu­
lations found in all fields sampled appeared to be very light.
Studies of the seasonal history of the most abundant symphylid 
encountered, Svmnhvlella sp., indicate that the majority of these animals 
pass the winter in the adult stage (table VI). The breeding season 
probably begins in the spring, since the majority of these symphylids were
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in the adult stage in February, but in the third instar by Hay. They 
develop gradually until the majority of the population again reaches 
the adult stage in winter. The species appears to have only 1 generation 
per year in Louisiana sugarcane soils.
The surface inch of soil was always descarded before sampling 
soil for microarthropods to avoid taking animals principally confined 
to the soil surface, since the sugarcane root fauna was of most impor­
tance in these studies.
When the surface inch of soil was intentionally sampled, its 
fauna was found to be distinct in several respects from that of the 
deeper layers. The genera Onvchiurus. Isotomurus and Folsomides were 
not found in the surface inch, but were found deeper in the soil (tables X, 
XI and XII). Pseudosinella was present in the surface inch of dry soil 
(table X), but was more abundant at lower depths (tables XI and XII).
These 4 genera could be considered as true soil Collembola. Onvchiurus.
Pseudosinella. and Folaom-tdan show adaptation to their subterranean 
habitat by lacking body pigment and by having poorly developed eyes or 
none at all.
Hvpogastrura occurred in much greater numbers in the first than in 
the second inch of soil and may be considered endemic to the soil surface. 
Other primary inhabitants of the soil surface may include Entomobrva and 
SminthurIdaa which occurred with Hvpogastrura as contaminants in pots 
in the greenhouse experiments. All species found in these genera were 
pigmented and possessed relatively well developed eyes.
Data in table XII indicate that most Collembola and other micro-
arthropods found July 20 in soil were more abundant in the second 6-inch
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soil layer than in the upper 6 inches, and that this situation was just 
the opposite August 9 several days after a good rain. It is also 
apparent that total populations of Collembola, Diplura, and Symphyla 
in both layers were smaller in the moist than in the dry soil. This 
suggests that these populations declined during the dry hot period between 
July 20 and August 9. Greater reduction in numbers of these animals 
in the lower than in the upper 6-inch soil layer was probably due to 
upward migration immediately after rain, since the lower soil layer 
should be less affected than the upper layer by adverse climatic conditions
The effect of soil microarthropods on sugarcane plants was shown 
clearly in 2 experiments in the greenhouse in which heterogenous field 
populations of microarthropods retarded the growth of sugarcane plants 
by approximately 217. and 30% (tables XIII and XV), respectively. These 
amounts of reduction in plant growth may greatly overestimate the ability 
of microarthropods to reduce sugarcane yields under field conditions.
The average rate of growth of sugarcane during the relatively short 
duration of these greenhouse experiments was certainly slower than the 
average rate of sugarcane growth in the field during June, July and August.
Rapidly growing plants probably can tolerate more root damage than 
slow growing plants. Although more microarthropods were recovered from 
soil in pots of the first than of the second greenhouse experiment 
(table XVII), more reduction in plant weights was found in the second 
than in the first experiment (tables XIII and XV). The normal rate of 
plant growth was approximately 10% slower in the second than in the 
first greenhouse experiment.
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It was also found that fewer root pits occurred on sugarcane roots 
In the greenhouse experiments than in the fields examined (tables XIII, 
XV, XXIV and XXX). However, it seems unlikely that root pitting alone
could be responsible for all the reductions in plant weights found in
the greenhouse experiments. It was noticed that most of the sugarcane 
roots from pots containing microarthropods had areas bare of root hairs. 
These areas were most common around the pits, and may have resulted 
from feeding by these animals. Loss of root hairs may be more injurious 
to sugarcane plants than pitting of roots. Greater numbers of root pits 
on field-collected roots than on roots from greenhouse experiments 
might be explained by the fact that roots from the fields had been 
exposed to grazing by microarthropods for a much longer time.
Reduced populations of phytophagous scarabaeid larvae in fields 1-5 
in 1961 apparently constituted the only significant effect of chlordane 
on phytophagous soil arthropods in these fields (table XXII). However, 
this control did not continue during the second year, 1962 (table XXIII). 
It may be that residues of chlordane in the soil were not sufficient in 
1962 to be effective against these grubs.
In field-6 significant reduction in populations of Diplura,
Pauropoda, Elateridae and Annelida were associated with the use of 
chlordane (tables XXVIII and XXIX). Populations of Annelida appeared 
to be much reduced, though not significantly, by chlordane treatment 
in fields 1-5 during both 1961 and 1962 (tables XXII and XXIII). Lilly 
(1956) believed that earthworms are not controlled by soil insecticide 
dosages commonly recommended for the control of soil insects. All of 
the earthworms found in Louisiana sugarcane fields were determined to
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belong to the families Enchytraeidae and Megascolecidae. However, the 
family Lumbricidae generally is believed to contain the most comnonly 
encountered species of earthworms.
Soil treatment with chlordane was associated with more sugarcane 
plants in almost all stand counts made during 2 seasons in fields 1-5 
(table XXV), and during 1962 in field-6 (table XXXI). The maximum 
differences between the numbers of sugarcane plants in check and 
chlordane-treated plots occurred in June, 1961, and in Hay and June,
1962. Collembola also occurred each year in greatest abundance in the 
spring before the rate of sugarcane growth had reached its maximum and 
while the plants were relatively small.
The use of chlordane was associated with a significant increase 
in yield of sugar per acre in the stubble crop in fields 1-5 (table XXVI), 
and with significant increase in yields of both cane and sugar in the 
plant crop in field-6 (table XXXI). Root pitting found in July, 1962 
was significantly decreased by chlordane in the treated plots in 
field-6, and showed a trend in this same direction 3 months later in 
October (table XXX). The fact that chlordane was associated with 
significant reductions in populations only of some relatively scarce or 
noninjurious groups in this field, such as Pauropoda, Diplura, Elateridae, 
and Annelida, indicates that factors other than the effect of chlordane 
on arthropod populations may have been partially responsible for the 
yield increases and reductions in root pitting observed. It is possible 
that chlordane could have had a repellent effect which prevented some 
root feeding in the areas of rows sampled. It is also possible that 
chlordane application may have some other more direct effect on sugarcane 
plant growth.
94
Soil treatment with chlordane was not associated with any significant 
effect on root pitting in fields 1-5 (table XXIV). However, observations 
of root pits in these fields were made only in the stubble crop 2 years 
after applying the insecticide.
It can be seen in table XXIV that the numbers of root pits in the 
check plots of fields 1-5 were negatively correlated with the amounts 
of organic matter in these soils. Furthermore, tables VII and XXIV 
together show that Collembola were present in good numbers but least 
abundant in the loamy soils low in organic matter, and that root pitting 
was most pronounced in these same fields. It seems likely therefore 
that Collembola feed more on sugarcane roots when soils are low in 
organic matter than when more organic matter is present. This fact 
may seem to conflict with the findings of Spencer and Stracener (1930) 
who reported that adding cane and soybean trash to the toil had no 
effect on root pitting. However, it is possible that the organic material 
they added was not sufficiently decomposed to be utilized by Collembola.
The studies reported in this dissertation seem to conflict with 
the currently prevalent idea that damage to sugarcane roots by soil 
microarthropods is confined to heavy soils in Louisiana, and also with 
the fact that chlordane is currently recommended in Louisiana to control 
microarthropods only in "heavy soils". The common belief that these animals 
are pests only in "heavy soils" probably stems from the observation by 
Ingram (1931) that "heavy soils" generally contain more microarthropods 
than sandy soils.
Exact evaluation of the relative abilities of different arthropod 
species to damage sugarcane was not accomplished in these studies.
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Experiments using pure cultures of the species in question would be 
necessary to achieve this objective*. However, among the soil micro- 
arthropods encountered during these studies, Collembola appear to be 
the group most likely to deserve recognition as possible economic pests.
Table XXXIX shows that numbers of Collembola in the genera 
Pseudosinella. Onvchiurus. Folsomina and Meaalothorax. and arthropods 
in the class Pauropoda were positively correlated with numbers of root 
pits and negatively correlated with plant weights to a significant 
degree in either 1 or both of the greenhouse experiments. Pseudosinella 
and Onvchiurus were the most abundant springtails present in these ex­
periments (tables XIV and XVI), and accounted for most of the variation 
in sugarcane plant weights in both experiments according to the co­
efficients of determination given in table XXXIII. Springtails in these 
2 genera may have been unduly favored by conditions in these greenhouse 
experiments. However, they generally were the most abundant springtails, 
here considered as true soil inhabitants, which were encountered in 5 of 
the 6 fields sampled (table VII).
Correlations between different populations of arthropods, root 
pitting and plant weights were sought in chlordane-treated and untreated 
field plots only in field-6 where each treatment was replicated 6 times.
No studies of this kind were made of data from fields 1-5 because of 
highly variable conditions between some fields, and lack of replication 
of treatments within fields.
Table XXXII shows that numbers of Pauropoda and elaterid larvae 
were significantly and negatively correlated with plant weights in field-6. 
Pauropoda and springtails in the genus Folsontf.des were significantly
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and positively correlated with root pitting in this field. Tables XXVIII 
and XXIX show that populations of Pauropoda and elaterid larvae were 
significantly reduced by chlordane application in this field. At the 
same time this insecticide application was associated with a significant 
yield increase (table XXXI), and a significant decrease in root pitting 
(table XXX).
It seems possible, therefore, that Pauropoda and elaterid larvae 
may have been at least partly responsible for retarding sugarcane growth 
in the untreated check plots of field-6. On the other hand, wireworm 
populations appeared to be very light, and table XXXIII indicates that 
Pauropoda did not account for much of the variation in crop yield 
measured in this field. However, it is possible that the extracting 
methods used for Pauropoda and elaterid larvae were not efficient enough, 
and that higher populations of these groups actually were present.
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CONCLUSIONS
1. Acarina were the most abundant group of arthropods found in 
sugarcane soils and were represented by 14 families, 13 of which are 
generally known as predatory or saprophytes. The only phytophagous 
species found was the legume mite, Petrobia anicalis (Banks), of the 
family Tetranychidae.
2. Collembola were the second most abundant group of arthropods 
found in the soil, and were represented by 16 genera. The most abundant 
and widely distributed of these were Onvchiurus. Pseudosinella. Isotomurus 
Proisotoma, Orchesella. Lepidocvrtus. Folsomina and Folsomides. A  key 
was made for separating all 16 genera.
3. Host Collembola occurred in greatest abundance during the 
spring. Their numbers declined in summer and fall and Increased again 
in winter. Symphyla and Pauropoda occurred in few numbers in the spring, 
and increased gradually to reach their population peaks in late summer 
and fall.
4. The most common species of Symphyla encountered, which was 
Svrnnhvlella sp., probably has but 1 generation per year, which begins 
in the spring and develops gradually to reach the adult stage in winter.
5. Collembola were more abundant in clayey than in loamy soils. 
They generally seemed to be most abundant in soils rich in organic 
matter. Acarina were more abundant in clayey than in loamy soils. The 
distribution of Symphyla did not appear to depend upon any particular 
soil type.
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6. Microarthropods were most abundant in the upper 6-inch soil 
layer under relatively moist conditions* and at lower depths under dry 
soil conditions. This may be explained by vertical migration of these 
animals.
7. Different genera of Collembola showed different preferences 
for soil depth by their vertical distribution. Hvpogastrura was found 
in, on, or near the soil surface almost exclusively. Orchesella.
Lepidocvrtus. Entomobrva and Sminthurides probably live primarily on the 
soil surface and in the soil near the surface. Onvchiurus. Pseudosinella. 
Folsomides. Folsomina and Isotomurus appeared to be true soil inhabitants.
8. Soil inhabiting Collembola, and possibly Pauropoda, may be 
detrimental to sugarcane in the field. They were mainly responsible for 
average reductions in plant weight ranging from approximately 21% to 30% 
after 11 weeks in pots in the greenhouse. Collembola in the genera 
Onvchiurus and Pseudosinella may be potentially more destructive than 
other Collembola or Pauropoda. There was no indication that populations 
of Diplura and Symphyla had any effect on the growth of sugarcane.
9. Feeding of Collembola on sugarcane roots is characterized by 
pitting of the roots and pruning of fine root hairs. These symptoms 
were present on the roots of sugarcane in every field sampled.
10. Collembola apparently feed more on sugarcane roots in soils 
relatively low in organic matter content than in soils containing greater 
amounts of organic matter.
11. Farmer applications of approximately 2 pounds of technical 
chlordane per acre applied in the open furrow to sugarcane seed pieces 
had no significant effect on total field populations of Collembola in
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soil. However, there was a consistent trend toward suppression of 
populations of Collembola in the genus Pseudosinella which was associated 
with chlordane application. Acarina and Symphyla apparently were not 
affected by soil treatment with chlordane.
12. Root pitting was reduced by 58% in July of the first year 
following the fall planting and application of chlordane in one field 
experiment.
13. Field populations of phytophagous scarabaeid larvae were 
significantly reduced in the first year following chlordane application, 
but not in the second year.
14. Soil application of chlordane significantly reduced field 
populations of earthworms by as much as 88%. The only earthworms present 
belonged to the families Enchytraeidae and Megascolecidae.
15. The application of chlordane resulted in more sugarcene stalks 
per acre and in significant increases of 2 tons of cane and from 329 to 
358 pounds of sugar per acre in ffeld experiments.
16. Significant increases in yields of cane and sugar per acre 
in field experiments could not definitely be attributed to the control
of Collembola or any of the other soil fauna by chlordane. Xt is possible 
that control of Pauropoda and elaterid larvae may have been responsible 
for a significant yield increase in 1 field experiment. However, some 
other factors also may have been involved.
17. Exact evaluation of the relative abilities of different 
arthropod species to damage sugarcane should be determined in experiments 
with pure cultures of the different species in question.
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